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vi PREFACE. 


both in the earlier and later stages of development, may occur 
between allied genera and species, or even amongst individual 
members of the same species. 

‘The present book is an attempt to fill the gap, thus indicated, 
80 far as the elements of Vertebrate Embryology are concerned. 
In it a fow selected typos aro alone dealt with, and to cach of 
these a separate chapter is devoted. 

Tn the choice of types 1 have been mainly guided by the 
following considerations. Amphioxus is taken first, partly on 
‘account of ita great morphological importance, and partly 
becauge of the extreme simplicity of its earlier developmental 
history, and of the clue which this affords to the more compli- 
cated conditions obtaining in the higher vertebrates. ‘The next 
three chapters deal with the frog, the chick, and the rabbit 
respectively ; those have been selected’ as good representatives 
of the clasees to which they belong, and as being the most easily 
obtained and the most suitable forms for lnboratory purposes. 
‘The final chapter, and the longest in the book, is devoted to the 
development of the Human Embryo; thia has been included on 
account of its great intrinsic interest, and of the difficulty the 
student experiences, owing to the scattered and comparatively 
inaccessible nature of the original memoirs, in obtaining 0 
reliable account of the present state of our knowledge. I have 
taken much pains to make this chapter as complete as our 
Knowledge will allow, and venture to hope that it will be found 
useful not only by students of science and of medicine, but also 
by those ongaged in medical practice. 4 

T have not attempted to write a series of complete mono- 
graphs; my purpose has been to give consecutive and straight- 
forward accounts which shall contain, in a form convenient for 
reference, the main facts known to us concerning the development 
of the animals I havo selected ns types. Many pointe of detail 
have been purposely omitted, as have nlso some of the more 
recent statements which appear to me to require confirmation. 
Seience is better served by clearly stating in whab points our 
knowledge is defective than by ignoring or evading difficulties ; 
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siderable detail, and the descriptions aro mainly from my own 
observations, In the study of the placenta, especially in its 
earlier stages, 1 have been greatly helped by Duval’s careful 
investigations, 

In the chapter dealing with the Human Embryo I have been 
compelled to obtain my material almost entirely from the obacr- 
vations of others; and notably from the splendid and long- 
continaed work of Professor His, to whom it is due that our 
knowledge of human ensbryology is in so many respects more 
precige than that of any other mammal, It ie a source of great 
regrmt to mo that my friend Professor Minot’s important treatise 
on Haran Embryology only came into my hands while the last 
sheets of my own book were passing through the press, and that, 
T have been unable to avail myself of the rich store of facts, and 
of the numerous suggestive explanations which bis work con- 
taing, 
A large proportion of the figures are new, and have been 
made expressly for this book from my own drawings. In the 
new figores, a3 well as in a large number of those which T have 
copied from the works of others, I have adopted, so far as 
practicable, a uniform mode of treatment and of lettering, which 
will, I hope, facilitate comparison of the figures of the several 
types with one another, I am under great obligations to the 
publishers of the works from which figures have been borrowed, 
for permission to reproduce these; and more especially to 
Messrs. Vogel, of Leipzig, for their ready consent to supply 
electrotypes, and to allow a large number of figures to be copied 
from Professor His’ great monograph on the development of 
the Human Embryo; a courteous liberality that is not always 
to be met with in this country. 

T wish also to rvcord my indebtedness to my friends Dr. 
Robinson and Mr. Aseheton for many valuable suggestions and 
eviticisms in the course of the work, and for much kind aasist- 
ance in tho correction of the proofs. To Mr. P. Hundley and 
Mr. G. Pearson, by whom the drawings on the wood were made, 
and tho blocks engraved, my thanks are dae for the great care 
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they have bestowed on what, in my judgment, is one of the 
most important parts of the book. 

I shall be very grateful for corrections or suggestions from 
those who use the book. I would further venture to make 
an earnest appeal for assistance to those who have opportunity 
of obtaining human embryos, and who do not require them for 
their own purposes. Our knowledge of the carly stayen of 
development of the human embryo is still very imperfect, and 
it is of the utmost importance that any opportunities that may 
occur of extending it should not be lost. Embryos of any age, 
but more particularly those of the first month or six weeks, 
would be of the greatest service to myself: they should be put 
into strong spirit as quickly as possible, a little ctton-weel 
being placed in the Lxatle to support the embryos, and to pre- 
vent them from shaking aloat during transit; and any sta, 
such asthe date of the last cecurring menstruation, which would 
aid in determining the age. should be carefally recorded. 

ALM. M. 


Owess Cotrest: Mae) 
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or germinal vesicle as it, is often culled, is large, sometimes ms 
much as half the diameter of the egg itself; it is usually placed 
exeentrically, and consists of an outer nuclear membrane, en~ 
closing a clear coagulable liqnid, the nucleoplaem, ‘Traversing 
tho nucleoplasm is a reticulum, formed of one or more com~ 
plexly coiled threads of a substance which, from the readiness 
with which it absorbs colouring matters, is termed chromatin, 
‘One or more nucleoli, or germinal spots, ure very commonly 
present as etnall, deeply-staining spherical bodies: they appear, 
however, to be non-essential structures, and are in many cases 
only nodes or local thickenings of the reticulum. It iz stated by 
some investigators that the nuclear membrane is not a continu= 
ong structure, but is really a denser and more superficial part of 
the naclear reticulum; and that the noclear reticulum and the 
reticulum of the protoplasmic cell-body are directly continuous 
with each other, 

Food-Yolk.—The meshes of the protoplasmic cell-body of the 
egg always contain granules, ‘These vary greatly in number 
and in size in the eggs of different animals, and constitute a 
store of nutrient matter, at the expense of which the develop- 


ment of the egg and the formation of the embryo are effected ; 
they may be spoken of collectively as deutoplasm or food- 
yolk. 


‘These granules of food-yolk, though always present in greater 
‘or less quantity, are to be regarded as accessory rather than as 
essential parta of the egg. In every egg we must distinguish 
between (1) the living protoplasm of the egg, out of which the 
embryo in direetly developed, and which may be spoken of as 
germ-yolk ; and (2) the deutoplasm, or granules of food-yolk, 
consisting of non-living particles of nutritious matter, imbedded 
in the meshes of the protoplasm, which do not directly form any 
part of the embryo, but which indirectly render its development: 
possible, by nourishing the active protoplasm. 

‘The relation between the protoplasm or germ-yolk and the 
deutoplasm or food-yolk is, in fact, the same as that between 
the traveller and the sandwiches or other provisions that he 
earties with him to nourish him during his journey. ‘The sand= 
wiches are non-living ; but during the journey they are gradually 
consumed, absorbed, and utilised for the nutrition of the living 
tissuce of the traveller, 
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ezg with all the essential characters of the parent already esta— 
Diished. 

Large size of eggs implies diminution in number of the eggs, 
and hence of the offspring ; and it can well be understood that 
while sume animals derive advantage in the struggle for exist- 
ence by producing the maximum number cf young, to others it 
is of greater importance that the young on hatching should be 
of considerable size and strength, and able to begin the world 
on their own account. In other words, some animals may gain 
Ly producing a large number of small eggs, others by producing 
a tmaller number of eggs of larger size, i.e. provided with more 
fiudl-yolk. 

The immediate effect of a large amount of food-yolk is to 
mechanically retard the processes of development ; the ultimate 
result is to greatly shorten the time occupied by development. 
‘This apparent paradox is readily explained. A small egg, such 
as that of Amphioxus, starts its development rapidly, and in 
about eight hours gives rise to a free swimming larva, capable 
of independent existence, with a digestive cavity and nervous 
system already present ; while a large egg, like that of the hen, 
hampered by the great mass of food-rolk by which it is dis- 
tended, has, in the same time, made but very slight progress. 

From this time, however, other considerations begin to tell. 
Amphioxux has been able to make this rapid start owing to its 
relative freedom from food-yolk. This freedom now becomes a 
retarding influence, for the larva, having already exhausted the 
supply of food originally contained within the egg, must devote 
much of its energies to hunting for, and to digesting, its food ; 
and hence its further development will proceed slowly. 

The chick embryo, on the other hand, has an abundant 
Kupply of food in the egg itself; it has no occasion to spend 
time in searching for food, but can devote its whole energies to 
completing its development. Hence, except in the earliest stages, 
the chick develops far more rapidly than Amphioxus, and attains 
its adult condition in a much shorter time, 








Mammals, and some other forms, present apparent exceptions 
tothe rule stated above with regard to the influence of food-yolk 
Gu the course of development. A rabbit is developed from a 
very sinall egy, an egg which is, indeed, even smaller than 
“tof Amphiosus; and vet the young rabbit:at the time 
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question have been studied most completely in the eggs of 
Ascaris megalocephala, a thrend-worm found living parasitically 
in the horse; and in the eggs of certain Echinoderms. In 
Vertebrates they have not as yet been followed in such detail, 
‘but all the more important phases have been scen to occur im 
the eggs of frogs and other Amphibians, and several of them in 
the egga of rabbits and other Vertebrates, The changes appear 
to be aguentially the same in all animals in which they have been 
observed. 

'The process of maturation concerns the egg nucleus, or 
germinal vesicle, almost exclusively; and the principal stages 
are aa follows, The nucleus, which prior to maturation is of 
large size, with a well-developed nuclear membrane and retiou- 
Jum, begins to shrink ; the nuclear membrane becomes wrinkled, 
so that the snrfice of the nucleus presents an irregular warty 
appearance (Fig. 1, A). Part of the nuclear fluid exudes ieee 
the nuclear membrane into the substance of the egg; a great 
part of the nuclear reticulum diaappears,.or becomes broken up 
into isolated globules or nucleoli, a yory small part alone remain- 
ing as 4 slender intricately-coiled thread, the nuclear skein. 

‘The nuclear membrane now shrinks still further, and finally 
disappeurs completely; the nuclear fluid and nucleoli became 
distributed through the substance of the egg, and of the original 
egg-nuecleus all that now remains is the minute nuclear skein 
(Fig, 1, B), 

‘The nuclear skein, which was at first placed centrally, or 
more or legs excentric 
‘The skein, previously 
definite form and arrange 


:; it then divides into two oe 
parts, one of which vemaing within the egg, while the other is 
extraded from it as the frst polar body (Fig. 1, C). Aftera 
brief panse the half of this nuclear spindle that ‘has remained 
within the egg ayain divides into two equal parts, one of which 
is extruded as the second polar body, while the other remains 
within the emg, and is known as the female pronucleus (Fig. 
1, D). Tho formation of the female pronuclens, by the separation 
and extrusion of the two polar bodies, completes the process of 
maturation. 
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Fertilisation, or impregnation, consists in tho fasion of the 
taal element, or spermatozoon, with the female element, or egg; 
or, more strictly speaking, fusion of the nuclei of theee two bodies. 

‘The spermatozoa of the male animal present certain pointe 
of resemblance with the ova or eggs of the female. The early 
stages of development of the two are closely similar, or even 
identical, and at the time of first appearance of the reproductive 
organs in the embryo it iz impossible to say of which sex it will 
subsequently become. In the developing testis, as in the ovary, 
the essential elements are sphorical cells, distinguished from: 
their neighbours by their larger size, xd analy roa 
primitive ova, but better termed primary 
gonoblasts. In the female theee gonoblasts become ae me 
manent ova or egge, usually directly, bub sometimes after fusion 
with one another. In the male exch gonoblast, by repeated 
division, gives rixe to a number of celly which, by clongation, 
become converted into the spermatozoa, Tn this formation of 
spermatozoa a larger or smaller part of the gonoblast may take 
no ahare, but remain unaltered a3 the blastophore, a portion 
of granular protoplasm, round which the spermatozoa are 
arranged. 

‘The fully formed spermatozoon is u cell, consisting of a head, 
often rod-like in shape ond composed almost entirely of the 
nocleus, and a long vibratile tail by which the active move- 
ments of the epermatozoon are effected. In being s single 
nucleated cell, the spermatozoon resembles the egg or female 
cell, as it dove also in being derived from a primary reprodac- 
tive cell or gonoblast, 

Tn other respects the male and female elements, spermatozoa 
and ova, differ from each other markedly, ‘The ovum is a large, 
more oles spherical cell, with little or no power of movement, 
‘The gpermatozoon is a minute cell, usually of a rod-like shape, 
and exhibiting active movements; the spermatozoa of some 
animals, as the Crastacea, are, however, spherical and motionless, 
An ovum is very commonly formed by direct.conversion from 
single primary reproductive cell or gonoblast, while in some 
cases two or more gonoblasts may fuse to form a single ovum : 
in the formation of the male elements, on the other hand, a single 
gonoblast gives rise, not to one spermatozoon, but to a large 
number; all the spermatozoa derived from a single gonoblast 
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the ordinary process of call division ; nor why it is 


wees in clone euSicims to rocder revision of tal eeceg eee 
Weismann has himself attempted to ow ove as eee 
by an elaborate theory which assumes that the two 
are of entirely different nature, and that it is only the second 
‘one, the one not usually formed iy paxthscopemntia Waa ie 
contains tho male elements. Tho actual mode of 
the two polar bodies ie, however, strongly opposed Sots HR 
there is a fundamental difference between them ; for in all cases 
that have been carefully observed, the first and second polar 
bodies are formed in precisely similar manner, But the dis- 
covery noted above, that, in the cases of the gipsy moth and the 
drone bee, eggs that have extruded two polar bodies can still de~ 
velop parthenogenetically, is fatal to Weiemann’s theory. 
A more profitable line of inquiry is to compare carefully the 
Phenomena of fertilisation in the Metazon with those af the lowest 
animals, and of plants, ‘This has been done by 


Botechli and |, ans more recently and in great detail by 
Hartog. Such a comparison shows that it is a very common 
occurrence for a primary reproductive cell to give rise, by 
two or more divisions, ton number of cells of which one alone 
becomes an ovum, capable of developing into sn embryo; 
while the othe 


three sinall polar bodies 
and one large orum. Each of these four cells contains exactly 
the same amount of nuclear matter, for this is halved ob each 
division; and tho difference between the ovam and the polar 
bodies is simply that, as regards the protoplasm of the cell body, 
the division has been an extremely unequal one; the ovam 
having appropriated almost the whole of the protoplasm, while 
the polar bodies possess exceedingly smal] amounts of this. 
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thelial lining of the mammary, sweat, and other 
from the skin. 

‘The hypoblast, or inner layer, gives rise to te aon 
lining the alimentary canal and its various 
ding the glands of the ot eae Ao ae 
Junga, the bladder, the bile ducts, gall bladder, and pancreatic 
ducts, the hopatic cells of the liver, and the secreting cells of 
the pancreas, The notochord also is formed from hypoblast. 


‘on throngh the head of a Chiek Embzro atthe 
Ancabation, showing the relations of the Ukree 


‘of the. a ah Bet 


i ft teh ate 


urinary and emcccterl organs. 


‘The General History of Development : the Recapitulation Theory, 
It is o familiar fact that animals in the earlier stages of their 
existence differ greatly in form, in structure, and in habits from 
the adult condition. 
In some cases, as, for example, in Amphioxus, the whole 
history of development is a steady upward progress towards the 
ailalt condition, the several organs and parts gradually approxi- 
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while the blastula stage, Fig. 2, vit, reached at the close of 
, beare a striking resemblance to such adult forma 
as Volvox or Pandorina. 

‘There is, however, another side of the question which must 
not be overlooked. Although it is undonbtedly true that dove= 
lopment is to be regarded as a recapitulation of ancestral phases, 
and that the embryonic history of an animal presents to us 
record of the race history, yet it is also an undoubted fact, 
recognised by all writers on embryology, that the record so 
obtained is neither a complete nor a straightforward one. 

Tt in indeed a history, but a history of which entire chapters 
are lost, while in thoee that remain many pages are misplaced, 
and others are so blurred as to be illegible; words, sentences, 
or entire paragraphs are omitted, and, worse still, alterations or 
spurious additions of later date have been freely introduced, and 
‘at times so cunningly as to defy detection. 

Vory slight consideration will show that d 
cannot in all cases be strictly « recapitulation of ancestral 
stages. It is well kuown that closely allied animals may differ 
markedly in their modes of development, which gould not be 
the case if both recapitulated correctly. The common frog, for 
example, is at first a tadpole breathing by gills, a stage which 
is entirely omitted by the little West Indian frog, Hylodes. A 
crayfish, a lobster, and a prawn are allied animals, yet they 
leave the egg in tobally different forms. Some developmental 
stages, as the pupa condition of insects, or the stage in the 
doyelopment of a tadpole in which the @sophagus is imperforate, 
cannot possibly be ancestral. Or again, a chick embryo, of 
say the third day, Fig. 113, is clearly not an animal capable of 
independent existence, and cannot therefore correctly represent: 
any ancestral condition; an objection which applies to the 
earlier developmental histories of many, perhaps of most, animals. 

Hwckel long ago urgod the necessity of distinguishing, in 
actual development, between those characters which are really 
historical and inherited, and those which are acquired or 
spurious additions to the record. The former he terms palin- 
genetic or ancestral characters, the latter cenogenetic or acquired. 
The distinction is cortninly a true one, but an exceedingly 
‘difficult one to draw in practice, The causes which prevent 

from being a etrict recapitplation of ancestral 
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Causes tending to falsify the ancestral history ; or to prevent 
ontogeny from being a true record of phylogeny. a 

1. The general tendency to condensation of the 
history. Except perbaps in the lowest groups of Metazoa, such: 
fis sponges, no animal can possibly repeat, in its own develop- 
ment, all the ancestral stages in the history of the race There 
is a tendency in all animals towards striking a direct path from 
the egy to the adult: a tendency best marked in the higher, the 
more complicated members of a group, i. those which have 
the longest and most tortuous pedi, 

2. The tendency to the omission of ancestral stages. This 
has been already noticed as one of the commonest effects of 
abundance of food-yolk. ‘The omission of the gill-breathing 
stage in Hylodes and in all Amniote Vertebrates is a typical 
example. 

3, The tendency to distortion, cither in time or space. All 
embryologista have noticed the tendency to anticipation, or pre— 
cocious development, of characters which really belong to a later 
stage in the pedigree. Many early larva show it markedly, 
the explanation in this case being that it is essmtial for them 
to possess at the time of hatching all the organs necessary for 
independent existence. 

Anachronisms, or actual revereals of the historical order of 
development of organs or parts, occur frequently. Thos the 
joint surfhces of bones acquire their characteristic curvatures: 
before movement: of one part on another is effected, and even 
before the joint cavities are formed. 

4. The tendency to the accentuation or undue prolongation 
of certain stages. ‘I'his is beat soon in cases of abrupt metamor- 
phosis, as of the caterpillar to the butterfly ; or of the pelagic 
ploteus larva to the sea urchin, elowly crawling on the sea~ 
bottom ; or of the herbivorous aquatic tadpole to the terrestrial 
and carnivorous frog. Tn auch cases there ix usually a grent diffirr- 
ence between Jarva and adult in external form and appearance, 
in manner of life, and very usually in mode of nutrition; and a 
gradual transition is inadmissible, because in the intermediate 
stages the animal would be adapted neither to the larval nor to 
the adult conditions ; a gradual conversion of the biting mouth 
parts of the cuterpillar to the sucking proboscis of the moth wonld 
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regeneration of lost parts, such as the tentacle of a snail, the 
arm of a starfish, or the tail of a lizard; in such neration 
is not a larval tentacle, or arm, or tail that is produced, b 


can develop, must, in the great majority of cases, be fertilised b 
a spermatozoon, just as the stimulus of fertilisation by the polle 
grain is necessary before the ovum of a plant will commence te 
develop into the plant-embryo. 

‘The advantage of cross-fertilisation in increasing the vigou 
of tho offypring ia woll known, and in plants dovicos of th 
the most varied and even extraordinary kind are adopted t 
ensure that such cross-fertilisation occurs. ‘The essence of tl 
act of cross-fertilisation consists in combination of the nuclei o 
two cells, male and female, derived from different individu 
The nature of the process is of such a kind that two indiy 
eells are alone concerned in it; and it may 7 


admittedly of the greatest importance, and to secure wh 
natural selection would operate powerfully. 

The occurrence of parthenogenesis in certain groups, either 
‘occasionally or normally, is not so serious an objection to 
view as it appears at first. There are strong reasons foy 
holding that parthenogenetic development is » modified form, 
derived from the sexual method. Moreover, it is the v 
essence of the view advanced above, that it does not state 
cross-fertilisation is essential to individual development, b 
merely that it is in the highest degree advantageous to th 
species; and hence room is left for the occurrence, exce 
of parthenogenetic development. 

‘Tt may be objected that this is laying too much stress on 








84 INTRODUCTION. 


presence of such organs in the embryo is indispensable as a 
stimulus to the development of the permanent structures of the 
adult. Should this theory prove to be well founded, it will 
afford a ready and welcome explanation of many perplexing facts 
in the development of animals. 


The Origin of Sex. 

The simplest mode of reproduction is a mere act of fission or 
cell division, as seen in an Amocba or in an ordinary epithelial 
cell. Such a form of reproduction is characteristic of the simpler 
Protozoa, and of the component tissues of Metazoa. It may 
concern one individual alone, or may be preceded by the con- 
jugation or fasion of two or more originally separate individuals 
or cells. 

The higher Protozoa, or Infusoria, show considerable advance 
on this simple method. In Paramecium. or Stylonychia, reproduc- 
tion is effected, as before, by fission, i.e. by division of the single 
animal into two separate animals ; and under favourable circum- 
stances this process may be repeated again and again with great 
rapidity. Sooner or later the rate slackens, and ultimately the 
process stops altogether ; and it does not recommence until 
conjugation, usually temporary, has occurred between two indi- 
viduals, which on the completion of the process begin to divide 
actively once more. Maupas’ researches have shown that this 
conjugation is absolutely necessary, and that it must not take 
place between two closely allied individuals, but between ones 
of different broods. 

In Vorticella there is further complication, for the conjuga- 
ting individuals are in this case unlike; one being an ordinary 
large, stalked Vorticella; the other a small free-swimming indi- 
vidual, of which a number, usually eight, are formed by simul- 
taneous division of a large Vorticella. The conjugation is in this 
ease a permanent one, the small Vorticella fusing completely 
with the large one; and the whole process corresponds singularly 
closely with the sexual reproduction of Metazoa, the small 
free-swimming Vorticella playing the part of the spermatozoon, 
while the large fixed one behaves as the ovum. This may be 
taken as the first detinite establishment amongst animals of sexual 
differentiation, and the two Vorticelle may not inappropriately 
be spoken of as male and female respectively. 
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forwards ulong the floor of the pharynx: from the exndine sorta 
the blood passes along a series of vessels in the | 

ing airated on the way, to the dorsal ccctas0'puie of Liner 
vessels (Figs. 12 and 13, n), lying just beneath the notochord : 


fmnsverse section through th 
male, ae Fiona we is gl hp ene 


these unite behind the pharynx to form a single dorsal aorta, 
from which branches supply the various parts of the body. 

‘The nervous system consists of a tabe of nervous matter, 
the spinal cord, which lies immediately above the notochord, 
and extends almost the entire length of the body. Tt tapers 
slightly at its anterior end, and mare markedly behind. The 
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THE GASTRULA STAGE. 58 
5. The Gastrula, 


On the completion of the blastula, as described above, the 
multiplication of the cells ceases for a time, and the embryo 
undergoes n great change in shape, whereby it: becomes converted 
into the form to which the name gastrula is given. This change 
is brought about as follows. 

‘The lower surface of the blastula, consisting of the r 
cells, becomes flattened (Fig. 15, H), and then invaginated Se 
the upper surface (Fig. 16). The embryo thus becomes enp- 
shaped, its walls consisting of two layers: an outer layer, %, 
formed from the original upper part of the blastula; and au 
inne layer, 1, consisting of the invaginated cells, which originally 
formed the lower pole of the blastuln. 


Fra. 16 ‘Era. 16, 
ior, 15 ana ve Formation of the circa of Amphiosus, The embryes are 
ear vertically, one half alone being represexited, 220, “(After 


Phe 1d.—Fistcening of the lower pole ot (he! aa artes i fedog thn pone 
Fig. £6.—Commewsing tovagination of the lower pole to form the gastrala. 
B, Mec ve wegmantation ewrity, Eyeptbiaet. G,arobiouteron o Brerrs ypotiat 


As thei invagination proceeds, the blastoccel becomes gradually 
diminished in size, and is ultimately completely obliterated, the 
inner and outer layers of the gastrula coming in contact with 
each other (Fig. 17, 5, £). 

The two layors of cells of which the wall of the gastrula con 
‘sists are the two primary germinal layers. The outor layer is 
spoken of as the epiblast, ®, and the cells of which it consis 
called epiblast cells: the inner layer is the hypoblast, 

‘cells, which originally were thoee forming the lower half of the 
are called hypoblast cells. 

Whe cavity of the cup, formed by invagination of the hypo- 
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blast, is called the archenteron or gastrocwl, G: it gives rise to 
the greater part of the alimentary canal of the Inrva and adult. 
‘The mouth of the cup ix called the blastopore; it ix at first 
(Pig. 17) a very large aperture, but in the later stages becomes 
greatly reduced in size (Figs, 18 and 19). 

Like the blastula, the gastrula isa very widely spread em- 
bryonic form, occurring notonly in Vertebrates, but in a simple or 
modified condition in certain members of each of the great groups 
of Invertebrates as well. It has therefure, like the blastula, 
claims to be regarded as an ancestral form; claims which are 
greatly strengthened by the fact that some of the simpler spongee, 
‘and some of the Coclenterates, sach as Hydra, are elceely com- 
parable even in their adult condition to gastralm. 









pletion of the gustrula of Ampbiowas. ‘The emi 
‘cally, and one half only of each is repeewonted. —» 
(After Hatsobok.) 

Uy completion of the prowess of lnvagioation, and eunseq) obliteration of 
tne nfutocad "Wig Ino—narrowing of the Uiacopare, through grows weardaee Se 
Ahral ip" pba Garceatrvn wr gwlrionk HE hyphak, BO, ida tee 


‘The mechanical causes that lead to invagination, ie, that 
actually occasion the change from the blastula to the gastrula 
condition, are not ensy to determine, The epiblast cells appear 
to take no part in the process, and to undergo no appreciably 
change or alteration during if; the active cells in the change are 
the hypoblast cells, By comparison of Figs. 15, 16, and 17, it 
will be seen that during invagination there is an increase ip the 
number of the hypoblast celle; and there is also, which ie not so 
clearly bronght out in the figures, an increase in the actual size 
of the individual cells. This increase in size ix perhaps dao to 
the cells absorbing the fluid of the blastoceo! ; and this absorption 
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Dlastopore is effected entirely by growth backwards of ite 
anterior lip, then it ix evident from a comparison of Figs, 17, 18, 
and 19 that the blastopore originally occupies almost the whole , 
of what will afterwards be the dorsal surface of the larva; 
while the outer or convex eurface of the young gastrula (Fig. 17) 
corresponds to the ventral surface, and perhaps also to the 
anterior end of the larva. If these determinations are correct, 
Figs. 16, 16, and 17 show that the lower pole of the blastula. 
corresponds to the donsal surface of the larva, and the upper 
pole to its ventral surface, 

Bofore leaving tho gastrula the cella of the two layers, epi- 
blast and hypoblast, ehould be noticed more fully. The epiblast 





Fie. 10. Fra. 20, 


Fis, 19 and 20,—The fully formed gastrula of Amphiloxua, 
* 220, (After Hatechok.) 
Vig. 19-—The guatroin bivected sertlolly + the Jet lilt Ue repwseema, we woe Ease 
the thver wartnoe. 

‘ig. 30. The gosiruia bisected hortaontally ¢ the venta half te epresca te, a wens 

BP, bisitopar. G, archonteron. PC, polar mosobbast owt 
(Figs. 19 and 20) is agingle layer of very short colummor or 
almost cubical cells; nt about the stage represented by Fig, 18 
these cells develop on their outer surfaces flagella or lash- 
like processes, one from each cell, by which the embryo is eansed 
to rotate within the vitelline membrane. These Aagella persist 
during the greater part of the pelagic existence of the embryo, 
but are not represented in the figures given here, 

‘The hypoblast is a single layer of elongated columnar cells, 
with nuclei near their inner ends, At the lip of the blasto- 
pore the epiblast and hypoblast cells are necessurily continuous 
with one another; in the mid-ventral line the two polar meso 
blast cells render the transition an abrupt one; bat all round 
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each other in the median plane so as to completely cover over 
the central plate (Big, 24), 

‘The central plate of epiblast, which thus becomes roofed 
over, is spoken of as the neural plate (Figs. 22-24, xr), and 
becomes converted, later on, into the central nervous system. 
By longitudinal folding of the neural plate a groove is formed 


Fig. 22. 
np 


Fro, 24, 


Frag 21 to'24.— Transverse svetions across the bodies of Ammphioxus embryos, 
showing the mode of formation of the nervous aystem and of the mesor 
blastic somites. x 350. (After Hatschok.) 


leat the tack af an erabeso af the wie 
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along its upper surface, and this groove, when roofed over by the 
lateral plates or neural folds, bocomes the neural canal (Fig. 24). 

The neural plate extends back to the blastopore, which, as 
already described, is situated on the dorsal surface of the hinder 





THE EMBRYO AT THE TIME OF HATCHING. i) 


end of tho embryo (Fig. 19, sr). The lateral plates, or neural 
folds, of the epiblast extend not merely along the edges of the 
‘neural plate, but round the sides and posterior lip of the blasto- 
pore as well; and by their fusion in the median plane the 
hecomes roofed over, so that it no longer opens 

directly to the exterior, but into the binder ond of fis weaial 
canal (¢f. Figs. 19 and 25). ‘The blastopore thus forma a short 
tabular channel of communication between the neural canal and 
the archenteron, and to this chaunel the name neurenteric canal 
is given (Fig. 25, x1). 

Tt is m curious fact, and one the fall meaning of which is 
not yet determined, that for a time the sole communication 
between the archenteron, or primitive alimentary canal, ond the 


Fie. 25, 


Fios 26 and 26—Amphioxus cmtryos at the time ef tating. 220, 
(Atter Hatschk.) 


‘exterior should be through the central canal of the nervous system. 
Kowalevsky, who diseovered the neurenteric canal in Amphioxus 
‘and in the Ascidians, suggested that these relations ma; possibly 
‘be ancestral, and that animals may have existed, or i 
‘in which the nervo-tabo fulfilled 9 non-nervous fi 

possibly acted as part of the alimentary canal 

raed nob at present, however, gives 


di i Tar tener tube, by meeting, and fasion of the 
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through the posterior part of an embryo (Fig. 28) will show a more 
advanced stage in the formation of the nervous system than one 
taken throngh the same embryo nearer its anterior end (Fig. 22). 

At the time of hatching (Fig. 25), the closure of the neural 
tube is completed along about « third of the length of the 
embryo; the anterior opening of the tube, just in’ front of the 
reference line NF in the figure, is spoken of a# the nenropore. 

‘The mesoblastio somites. During the formation of the neural 
canal important changes take place in the hypoblast. ‘The 
flattening of the dersal surface of the embryo at the completion 
of the yastrula staze affects the hypoblast as well as the epiblast 
(ef: Figs. 19 and 21). As the neural plate becomes marked aff” 
and depressed, a pair of longitudinal folds of the wall of the 
archenteron are formed, one along each side, in the angle 
between its dorsal and lateral walls (Pigs, 22 and 23, cr). ‘These 
folds are at first very inconspicuous, but rapidly become more 
prominent, and ales #0 about the time of closure of the 
neural canal (Fig. 24, ce). 

By the formation of these folds the archenteron becomes: 
divided into three portions : a central division (Pig, 24, @), which 
is the alimentary canal itself, and a pair of lateral slit-like 
diverticula (Fig. 24, ce), which may be termed enterocmlic 
cavities, and which “later on give rise to the body cavity: or 
coolom of the adult. 

The cells composing the walls of these folds are clearly of hypo- 
blastic origin. In tho lator stagos (ef. Figs. 27, 28, and 29), 

canal, 


1 the two, primary layers, epiblastand 


Tho mesoblastic folds extend the whole length of the embryo; 
they aro most promi near its anterior end, and gradually 
imini ning continuous at their hinder ends 
with tha two largo polar mesoblast calls (Figs. 25 and 26, P8), 
which have already been described as present in th 
lip of the gastrula from an early stage in its formation (Pig. 18). 
Soon after their eppearance, the mesoblastic folds become 
divided by transverse constrictions into segments or compart- 
ments, the mesoblastic somites, arranged in pairs along the sides 
ofthe embryo. ‘The anterior pair of somites, which are the first 
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Felagiec career nl nore dela gcse 


of the period the muscles of the body-walls become definitely 
established, and the young Amphioxus swims by means of 
muscular contractions, like the adult. 

Although there is a great increase in length during the 
period, there is little if any change in bulk, and it is doubtfal” 
whether the embryo obtains any food from withont until 
formation of the mouth at the close of the period. 


ae 





¥ io. 27,—Amphiozus ombryo shortly afcor hatching, with five pales of meso 
Taastla-Sosib nen ta open! seatfon: trom Whe sighb wea 


(After Hatsehok.) 
val cual. IEP wuld, RL 
weF ggueciciccin” PO, mt aca, BL mowbuta ae 
eile. DP, arohenteron, 


Tn dealing with this period in the developmental history it 
will be convenient to describe the several systems one by one, 


1, The Nervous System. 

After hatching of the embryo, the closure of the neural canal, 
by fusion of the neural folds, proceeds rapidly forwards (Figs. 
26 and 27), and soon reaches the anterior border of the first somite, 
beyond which lovel the nervous system does not extend. 

From the mode of its formation (Figs. 23, 24, 26, and 27), the 
‘noural canal is, in its early stages, merely the space between the 

plate and the overlapping lateral plates of epiblast, and 
a st; no independent roof of its own. ‘The canal is ab 
to side, but shallow dorso-ventrally. 
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then grooved ventrally along the median plane (Pig. 28). ‘The 
ventral groove deepens, and at a stage with five pairs of meso- 
blastic somites the plate is completely folded on itself, ea that 
ita two halves are in contact with each other, The cells of the 
two halves now begin to grow across the median plans, inter- 
digitating with one another (Fig. 29, cx), and forming a solid 
ridge of cells along the mid-dorsal surface of the urchenteran. 
Ata slightly later stage, with eight or nine pairs of mesoblastic 
somites, this ridge begins to separate from the gut wall as a 
cylindrical rod of cells, the notochord (Fig. 32, cu). 

Behind the first somite, ie, along the greater part of ite 


sections through Amphioxus embryos shortly 
tn the formation of the noto- 
Hateohok) 


seecion throug the mide 


length, the notoc! 

posite the first. so 

always a little beh h 

In front of the first : ochord is developed from be- 
hind forwards, but otherwie me manner ag in the hinder 
part, though much more slowly; towards the close of the em-= 
bryonic period, nt the time when the pointed anterior end of the 
animal is forming, it grows much more rapidly (Fig, $8). This 
late development of the anterior end of the notochord will be 
referred to again further on. 
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archonteron, and separate completely from this (Fig. 29). This 
vepurntion rapidly extends backwards, involving thy binder 
somites in snecession; and the somites now form (Figs. 27, 29) 
a series of squarish hollow bodies, arranged in a row along each 
side of the embryo, ab the level of the notochord. 

‘Tho somites are at first emall, and lie above or doreal to the 
alimentary canal (Fig. 29); but they mpidly inerease in size, 
and, extonding ventralwards (Figs. 30 and 82), make their way 


mbryo, between the gut wall and the 
y ing the mid-ventral line, where 
left sides of the body become 


continuous with one another, 

During their carlier stages (Figs. 27, 80), the long axes of 
the somites lie transversely, or slightly obliquely to the axis of 
the embryo; but towards the close of the embryonic period 
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qouscles to appear in ths development of the embryo eor 

in mode of formation, padres ise ee er a 
phioxus. ‘The formation of muscles, ns indeed of all other timnes, 
by direct modification of epithelial celle, is a farther point of very 
great and general interest, indicating that the epithelial coll 
is a more primitive type of structure than muscle, connective 
tissue, nerve tissue, or any of the other histological elements of 
which the body of an adult animal is composed. 

‘The cavities of the somites give rise to the coclom or body 
cavity of the adult. After their separation from the archenteron 
they are completely closed, and remain go for some time; the 
anterior and posterior walls of adjacent somites becoming closely 
applied to one another, and forming septa which separate the 
cavities of successive somites from one another (Fig, 31). To= 
wards the close of the embryonic period, the ventral portions of 
these septa disappear, 20 that the somites open into one another ; 
and the body cavity, which up to this time has been represented 
by a series of isolated chambers, now becomes continuous from 
end to end of the animal. The dorsal portions of the «omitex, 
however, remain separate from one another throughout lif. 

‘The first somite (Fig. 27,51) isa little distance from the an- 
terior end of the body : from ite anterior and dorsal border, ab 
stage with about nine paira o 
given off towards the anteri 
the walls of this process un 


ly symmetrical. At astage 

this symmetry becomes disturbed (Fig. 
ght becoming situated a little behind 
side, and ultimately alternating: 
asymmetry is preserved in all 

lt animal as well. The fact tha 


that it appears just at the time when the great lateral muscles 
‘are being formed, and are coming into use for swimming, suggests 
that the explanation of the asymmetry is to be found in some 
mechanical advantage gained by the alternating arrangement of 
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the muscles in an animal in which the skeleton is represented 
merely by an elastic notochord. 

‘The development of new somites doring the later stages of 
embryonic life ocours very 
slowly; and at the time 
of the formation of the 
month, marking the close 
of the period, there are not 
more than fourteen or fif- 
teen pairs. Theelongation 
of the body, which is +0 
marked a feature of the 
later embryonic stages, is 
ne, nut so much to addi- 
tion of new segments. as to 
lengthening of those al- 
ready present; and this 
Jongthening, as shown in 
Figs. 33 and 34, principally 
concerns the anterior or 
oklest somites. 


itera 


cute 


DM clglit entestor gut diverticulum, GT, club 


ouere. INT, oeerwntoris dabal. PC, polar nveaicaat gel PZ, enptins between secur 


4, ‘The Alimentary Canal. 


After separation of the 
somiites and the notochord, 
‘the archenteron, or, us it is 
usually termed from this 
‘time, the mesenteron, forms 
8 straight tube (Figs. 30 
and 33, t), dilated at its 
anterior end, bat narrow 
snd cylindrical along the 
greater part of its length. 
Tt is closed in front, but 
et its hinder end it com- 
municates through the 
neurenteric canal with the 
‘nearal tube, and so, indirectly, through the neuropore, with the 
‘exterior, It is ciliated along its untire length, but no food particles 
rave is yet been observed in it prior to the formation of the mouth. 


w 280, (After Hatschek.) 


oxus etnbryo with fourteen pains of somites: keen in opticnl vestion trom the xight wide. 
CH, wtsedont. Dy left anterior Gat Aiverticalum, 


cask 
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a. The anterior gut diverticula. At a stage with seven 
pairs of somites, a pair of lateral diverticula arise from the dilated 
anterior end of the mesenteron. ‘These are situated (Figs. 80, 
$1, DL, DR), near the dorsal surface of the mesenteron, just in 
front of the finst pair of somites, and ventral to the anterior 
prolongations of these somites. 

‘The two diverticula soon separate from the mesenteron, which 
then shrinks back from the anterior end of the body. They are 
at first of equal size, but from a stage with about ten pairs of 
somites, onwards, they develop very unequally, 

‘The right anterior gut diverticulum (I'ig. 33, pR) forms a thin- 
walled sac, which extends forwards s0.28 to occupy a large space 
at the anterior end of the body, below the notochord ; its walls 
become flattened epithelial cells, and the space which they inelose 
may be spoken of ns the head-cavity, 

‘The left anterior gut divertioulum (Mig. 33, pL) remains ot 
small size, and forms a spherical thick-walled sae, lying on the 
Jeft side of the head, just in front of the mesenteron and a little 
way behind the level of the neuropore; its wall consists of a 
‘single layer of columnar ciliated epithelial cells, Towards the 


close of the embryonic period it opens to the surface by « small 
pore on the left side of the head (Fig. 34, px), and from this 
time is epoken of as the preoral pit. 

‘The homologies of these anterior gut diverticula with organs 
of higher Vertebrates are very uncertain, ‘They are probably to 
be regarded as parts of the body cavity or colo, though it 

wae differs in important 


by some obeervira been hel to pepo 

b. The club-shaped gland. In embryos with nino or ten 
pairs of somites a shallow transverse groove appears across the 
floor of the mesenteron, and extending up its sides, opposite the 
septum between the first and second pairs of somites. ‘The first 
commencement of this groove is seen in Fig. 30, opposite the 
yentral end of the first somite, but is not indicated by a refer= 
ence letter, Towards the end of embryonic lifs the lips of the 
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and extends along the whole longth of the under surface of the 
intestine. ‘I'be anterior end of the aorta, on reaching the level of 
the second somite, turns upwards, and runs obliquely forwards 
slong the right side of the pharynx, passing dorsal to the first 
gill-eloft, und ending in close relation with the clab-shaped gland. 


§, Structure of the Embryo at the Close of the Embryonic 
Period. 


The general appearance of the embryo at this is 
shown in Fig. 84. The embryo has a total length of about 
13 mm., and is of a glassy transparency in all its parts and 
organs, owing to the complete absorption of the yolk granules 
originally present in the egg. It is widest about the level 
of the month, in front of which it tapers rapidly, ending in a 
sharply pointed snout, ‘The hinder part of the body 
very gradually, and ends in a thin vertical fin of mther Jarger 
size than is shown in the figure. 

The embryo swims actively, by alternating contractions of the 
myotomes of the two sides of tho body. Of these myotomes 
there are fifteen lee present; the myotomes of the first pair 

se of the next two or three pairs are 
ely, and behind the fourth pair the 
long the two sides of the body. 


he noto ond to the tip of the snoub, 
bend the snout freely from sids to 
med by elongation of @ single 

ibres show more or less evident 

nal is divided into an 


there is as yot 

The nervous 
walls of its own, extending the whole joa of the back of the 
animal, just above the notochord. 'The neural tube opens to the 
exterior at its anterior end through the neuropons, immediabaly 
behind which the tube presents a slight dilatation or * brain.” he 
posterior end of the neural tube (Fig, $4, NR) bends downwards 








WwW 


During the larval stages the young Amphioxus leads a 


pelagic life, and is found most abundantly, not at the surface, 
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Fig. 37. The gill-slits are at first wide, window-like sportures 
in the wall of the pharynx ; and, until tho formation of tho atrial 


ae a & 


amin 


t a ‘€ 
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Fig. 26, —The anterior end of an Larva with four peimarsgitl-lite, 
feom the left side. (After tar and Willey.) 


a Saar at Bsa, Sane srereeosss 

Pecalefnguune tthe erie, meer 
cavity, they open directly to the exterior, At a comparatively 
enrly stage (Fig. 37), the first. primary gill-slit becoues markedly 
smaller than the sacceeding ones. 


Wes 





WET 


wo bi 
Poe. 97-—Tho anterior end of an Aruphiosus Laren with fourteen primary il 
lta, see fom tho right ide, (after Wiley EX 


D. The secondary eHlatis, or the gill-slits of the adult right 
side of the pharynx, appear later than the primary slits, and in 
the following manner, At a stage (Fig. 37) when fourteen 
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t, of which the hinder three or four 
atrial cavity, a longitudinal ridge 


Iying above and between the third and fourth primary slite,and the 
sixth patch, nv 7,abore and between the eighth and ninth primary 
slits. Ench patch now becomes perforated by a minute aperture, 
which by enlargement becomes onc of the secondary gill-slite. 
‘Tho most anterior of these six slits is usually formed a little 
later than the remaining five; and a little later still two more 


Ks BPE wo WET OWT Wey WKY GL 


Fo, 38. —Tho anterior end of an Amphioxus Larva with thirtecn 
Sight sosondary pill-alit, seen from the right sie, (Aftee 


‘HT, smeveter ot Hi fourths sewsatary ill) 
‘ ‘or woutets of ‘canal. 
Spare Pic rptom tntren beverh sad gh ny shone 


slits are formed in aoe ‘one at each end of the series, 


acquired (Fig. 38); the first, ur 1, lying above an 
i i d the eighth, 
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wall, finally assuming their permanent position on the left side 
of the pharynx. During the process of shifting, the primary 
and secondary slits gmdually become equal in size, and of similar 
shape. From the dorsal border of each slit a small process, the 
tongue-bar, grows downwards across the slit, dividing it into 
anterior and posterior portions; these tongue-bars (Fig. 88) 
appear rather earlier in-the secondary than in the primary slits. 

Of tho fourteen primary slits, tho first and the fourteenth 
close up and disappear; and at slightly later stages the thir- 
teenth, twelfth, eleventh, and tenth similarly, and in succession, 
close and disappear (¢f. Fig. 39). In this way the primary gill 


Larva with twolvo primary gill- 
ring, and eight secondary. 


slits become reduced to the same number, eight, as tho secon- 
dary slits, the cight persisting primary slits being the second to 


1 the fact that they alone do not 
develop tongue-bars (1 UK 2; HP 1). 

‘The gill-slita have now reached the condition eliracteristic 
of the critical stage. Eight slits are present on each side of the 
pharynx, alternating with one another ng in the adult; the 
anterior slit of the right side, i.e, the first secondary slit, HP 1, 
being opposite the interval between the first and second slits of 
the left side, i.e, the second and third primacy elite. 
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2. The Endostyle. 

The endostyle appears at the commencement of the larval 
period, or towards the close of the embryonic period, as a band 
of columnar ciliated cells on the right side of the anterior end of 
the pharynx, immediately in front of the club-shaped gland, and. 
in close contact with this, Its condition at an early stage of 
the larval period is shown in Pig. 36, 2s, where it is seen as a 
broad >-shaped band, formed by modification of the hypoblast 
cells of the right side of the pharynx, opposite the anterior part 
of the mouth opening. The apex of the > is directed back 
wards ; the upper arm is much shorter than the lowor; and the 
whole band is divided down its centre by a groove. 

In the later stages (Figs. 37 and 38, xs), the endostyle exe 
tends backwards, its apex passing behind the duct of the club~ 
shaped gland and making its way between the primary and 
secondary series of gill-slits. As the critical stage is approached, 
and the primary gill-slits shift across to the left side, the endostyle 
(Fig. 39) moves to its permanent position on the mid-ventral 
wall of the pharynx. At the same time it continues to extend 
backwards, and at the critical stage has reached to about the 
Tevel of the fifth gill-slits, During the shifting of its position 
‘the two limbs of the >, which were originally upper and lower, 
become right and loft respectively; and as it extends back- 
wards along the floor of the pharynx the two limbs become 
closely applied, and fused together. From the anterior ends of 
the limbs, a pair of ciliated ridges of epithelial cells extend up 
the sides of the pharynx, and grow backwards along its dorsal 
surface to form the epibranchial band of the adult. 


3, The Olub-shaped Gland. 

Whe early stages in the formation of the club-shaped gland 
been already deseribed, p. 70. The gland reaches its 
: development about the commencement of the larval 
d (Fig. 36), when it consists of a dilated sac, on, lying on 
‘right side of the pharynx, and continuous with a narrow 
w duct, which pasees round the ventral surface of the 
and opens to the exterior on the left side, close to the 

or border of the mouth, ap. 
@ilated part of the gland soon becomes narrower, and 
‘but according to Willey acquires an opening into the 
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pharynx at its dorsal end, Tt does not shift its position in any 
way; but, abont the stage represented in Fig. 38, when the 
secondary: are formed, and the primary slits are 
ap Saheim tel tee palace 
and by the stage ehown in Fig. 39 has 

eeu Hitlen ih thal snoepbclecoal ence ck eebipeets 
shaped gland are very doubtfal, Willey has suggested that it 
may be the modified first gill-slit of the right side, adducing in 
support of the suggestion the fact that the first gill-slit of the 
left side is also a structure which disappears carly ; indeed, about 
the samo time os the club-shaped gland itself. It is difficult, 
however, to understand, if the club-shaped gland is formed from a 

of the right side, why its external opening should be on 

the left side of the head. 


4, The Mouth. 

‘The most striking features about the mouth, at the com- 
mencement of the larval period, are ite position on the left side 
of the head, and its enormous size, As shown in Fig. 36, the 
mouth, 0, and the first gill-slit, mx 1, with the part of the pharyn- 
geal cavity between them, form a huge opening, perforating the 
animal from side to side like the eye of a needle. 

During the formation of the primary gill-slite the mouth 
remaing on the left side of the head, and increazes considerably 
in length; extending, at the closs of the stage (Fig. 37, 0), from 
the second to the seventh myotome inclusive. 

From the commencement of the formation of the secondary 
gill-slits the mouth gradually shifts its position, growing round 
the anterior end of the pharynx, and eventually attaining the 
median position and the shape characteristic of the adult. The 
shifting commences with the formation of a groove on the surface 
of the head, lending from the prmoral pit to the upper and anterior 
angle of the mouth, By if groove the mouth 


posterior lip, it ulti 
month is relatively miue in the adulv than in the larva, 
but not actually 80. Fi 

The margin of the mouth of the laren, becomes the 
yelum of the adult, from whi 
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growths; of these, there are four present at the critical stage, 
the remaining eight being developed later. 


5, The Buccal Hood and Buocal Tentacles. 

‘The true mouth of the adult Amphioxue, the development 
of which has just been described, is the small opening in the 
velum, or partition separating the buccal cavity from the pharynx 
(Fig. 11, p. 38), 

‘The buccal cavity itself is formed by a pair of folds of 
integument, which appear about the time of formation of the 
secondary gill-clite. The two folds are at first upper and lower 
respectively ; the upper fold commencing above the preoral pit, 
and becoming continuons posteriorly with the upper margin of 
the mouth ; while the lower fold arises as a ridge along the lower 
and hinder border of the mouth, extending in front across the 
ventral surface to the right side. 

As the month nesumes its median position the upper and 
lowor folds increase in size, and form the loft and right halves 
of the buceal hood respectively. 

‘The buceal tentacles appear early, as papilla-like outgrowths 
from the buccal folds (Fig. 89, or). ‘They arise ab first entirely 
from the lower, or future right fold, about the time the mouth 
commences to shift its position, and they do not extend into the 
loft fold until a much later period. The median ventral tentacles 

\ are the first to be formed, and the others are added on in suc- 
cession at either end of the series. Small eartilaginaid skeletal 
elements are present at the bases of the tentacles from their first 
appearance, and ultimately give rise to the buccal skeleton. 


6, The Preoral Pit, 

At the commencement of the larval period, the prmoral pit, 
which, it will be remembered, is formed from the left anterior 
gut diverticulum (p. 70), is a small pit with thick ciliated walls, 
Tying on the left side of the anterior part of the head, above and 
in frontof the mouth, and opening to the extorior by n small aper- 
ture (Fig. 36, pL). Whon the mouth commonces to shift towards 
the median plane, a ciliated groove is formed, connecting its upper 
and anterior angle with the aperture of the preoral pit ; and 
ax the month sinks further and farther towards the right side 
the prevoral pit gradually becomes flattened out (Figs. 37, 58, DL), 

6 
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ite walls becoming ultimately converted into the tract of colum= 
nar ciliated epithelium, which in the adalt Amphioxas lines the 
posterior part of the buccal cavity, 


7. The Atrinl Cavity. 


‘The atrial chamber begins to form in larvie which have from 
nine to ten primary gill-slits, but in which the secondary gill 
slits have nob commenced to develop, A narrow | 
groove appears along the ventral surface of the body of the larva, 


behind the region of the pharynx. ‘The groove is bordered by 
too folds, which become later tho metapleural ridges of the adult 
(Fig. 40, mp) : on reaching the pharyngeal region, the two meta~ 
pleural ridges are deflected towards the right aida of the larva, 
and run forwards one on each side of the row of primary gill-slits, 

From the inner side of each metapleural ridge a horizontal 
whelf-like outgrowth, the subatrial fold, arises; and the two sub- 
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Giametor along its whole length, Tator on, it enlarges very 
greatly, and, pushing the ventral body-wall before it, en- 
croaches on the space hitherto occupied by the coxlom, finally 
extending go far dorsalwards aa nearly to surround the ali- 
mentary canal (Fig. 41, ac; ef. also Fige. 12 and 13), 

‘The primary gill-slits at first open directly to the exterior, 
but, as they lie between the two metapleural folds, they become 
boxed in on the formation of the floor of the atrial tube, and 
from this time open into tho atrial tabe or chamber, The 
secondary gill-slits, which also lio betweon the two metapleural 
folda, very close to the base of the right metapleural fold, are 
not formed until the Hoor of the atrial chamber is completed, 
and consequently open into this chamber from the first. 

The metapleural folds are at first solid ridges; large spaces 
soon appear in them, which become the metapleural canals of 
the adalt (Figs. 12, 18, and 41, sv), 


&. The Mesoblastic Somites. 


At the commencement of the larval period fourteen or fifteen 
pairs of somites are present ; during the early part of this 
period the number steadily increases, and, shortly before the 
appearance of the ane gill-slits, the fall number of somites 
of the adult animal appears to be very generally sixty~ 
one, is attained. ‘The somites formed daring the larval period 
differ from those developed in th embryonic stages in not com~ 
municating with the mes t ii 
In the development of th 
the polar mesoblast cells take an important share. 

Concerning the further ¢ 
intoresting dotails are given 
ment of the larval peri 
the mouth, each somi 
into a dorsal portion or protovertebra, and a ventral portion or 
lateral plate. 

The protovertebres retain the original segmental arrange- 
ment, i, the cavities of successive protovertebrm remain 
separate from one another; but in the ventral portions of the 
somites, or lateral plates, the septa become absorbed, and the 
cavities open into one another slong the whole length of the 
body, forming a continuous body cavity or clom. 
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‘The cavity of the protovertebra is spoken of as a myocel 
(Big. 42, cat); and at o stage when five primary gill-slits are 
present (cf. Fig. 36) the myoccels of each pair of protovertebre 
communicate with each other above the spinal cond (Wig. 42). 
‘The onter or parietal wall of the protovertebra is very thin, and 
closely applied to the epidermis: it gives rise to the cutis, or 
connective tissue basis of the skin, and may be spoken of as the 
cutis layer (Fig. 42, cv). The 4 
inner or notochordal wall of the 
protovertebra, as already noticed yp, 

(p. 67), thickens very greatly, and, 
though still remaining only one cell 
thick, becomes converted into the 
myotomic muscles (Fig. 42, ML). cH 
‘The lower or visceral wall of the 
protoyertebra, like the pariatal wall, 
is thin, and is in contact with the 
doran! wall of the alimentary canal. 

‘The cavity of the lateral plates, 
or splanchnocal (Fig. 42, ©3), is 
continuous from end to end of the re, fag Se Lag 

absorption Yerse across 
an eS hee the Jena = ita ee San an 
Se; it ix alxo continuous from : 
side to side across the mid-yentral 
plane. The walls of the splanch- 
nocal are thin; the outer, or 
parietal layer, is in contact with 
the ventral epidermis, while the inner or splanchnic layer 
clothes the sidex and ventral wal! of the alimentary canal. 

Tn the later stages important changes occur in these rla- 
tions, and the condition immediately after the completion of the 
larval period is shown in Fig. 43. 

‘The myoceels now extend ventralwards much further than 
before, so that the parietal layer of the splanchnoceel (Fig. 43, 
€3) no longer touches the epidermis. The median dorsal and 
ventral parts of the myocorls have separated off as the compart= 
ments, pr and vr, of the dorsal and ventral fins, which are 
‘now prominent stractares, 

The ventral or splanchnic wall of each myoccel is folded to 
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form a pouch, which extends upwards, between the myotome on 
the outer side, and the notochord and spinal cord on the inner 
wide. ‘The outer wall of thie pouch (Fig. 43, mr) becomes 
the fascin covering the inner surface of the myotome; while 
the inner wall of the pouch (Fig. 43, Bs) gives rise to the 
xkeletnl cohnective tissue, whick 
invests the notochord and the spinal 
cord. The cavity of the pouch 
becomes ultimately obliterated by 
growth of the connective tiesue, 
except in the anterior three or fonr 
segments of the body. 
‘The enlsackiicanl (Fig. 45, es) 
undergoes but slight modiffeation. 
It extends further dorealwards than. 
before, and almost completely exr- 
rounds the alimentary canal, eut- 
ting out the myoco:l from its former 
hare; while the myoceel in its turn, 
owing to its ventral extension, shuts 
out the splanchnocelic wall fram 


is interesting to note that 

the even at this stage, when the larval 

pare and the anus cr development is ecmpleted, all the 
Miatscbek.) z | of the body are, as in the 
‘ arlior stages already noticed in 

this respect, made up of epithelial 


i ony oll thick ; the complications i oh 
yews VP cirty of venir ts. various rogions being brought al 
ie ee by plese in the shapes of the 

cella at different places, together with foldings of the walle of 
the several cavities. 

‘The origin of the connective tissue is not determined with 
certainty. Hatschek considers that it is at first of a gelatinous 
natore, probably formed by excretion from, and between, the 
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‘on the contrary, increase greatly in number, new ones being 
cddedl oa at tbe hinder aud of tbe atten, BLE throughout: 
tho life of the animal. Ench new gill-slit (Fig. 35, L’) becomes 
divided into two, at an early stage in ita development, by the 

downwards of a tongue-bar from its dorsal border, jnst. 
as in the earlier formed slits. The slits farther become divided 
transversely by tho horizontal bars characteristic of the adult 
(Big. 85, 1). Owing to this increase in number of the gill-slits, 
without any increaze in the number of the myotomes, the corre- 
spondence between the two vets of structures is epeedily lout ; 
the alimentary canal, and the body generally, each acquiring a 
metamerism of its own, 


‘The Reproductive Organs. 

The reproductive organa are formed by proliferation of the 
epithelial walls of the septa which divide the successive somites 
from one another. Buch of these septa (cf. Fig. 81) is formed by 
the coalescence of the posterior and anterior walla of adjacent 
somites, and consists in the young Amphioxus of a thin connec= 
tivo tissue lamella, clothed cn each surfaco by a single Inyer of 
flattened epithelial cells, these latter being really parts of the 

walls of the protovertebre, 

Tn young specimens of Amphioxus, of about 5 min. length, 
the epithelial layer becomes modified over a very small patch at 
the onter and lower corner of the septum, in the angle between 
the parictal wall or cutis layer, and the visceral wall of the 
protovertebra (of. Fig. 41, on): at this spot the cells become 
cubical or columnar in shape, while over the rest of the septum. 
they remain flattened, 

This modification does not occur along the whole length of 
the body, but is from the first confined to the somites in 
which tho reproductive organs lie in the adult animal; io, the 
patches of modified epithelinm are found on the septa forming the 
walls of the somites from the tenth to the thirty-sixth inclusive. 

The modification affects the cells of both surfaces of each 
septum, but the cells of the posterior surface are almost from 
the first of larger size than those of the anterior surface, and, 
growing much moro rapidly than these latter, push the eeptum 
forwarde, and project into the segment in front of that to which 
they really belong, as a smallstalked knob, to which the cells of 
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Atthe time of hatching, the cloacal opening is already presant; 
‘but the tadpole has no month, and is dependent for nutrition, 
as it has been during all the earlier stages, on the granules of 
food-yolle contained in the egg itself. A horse-shor shaped 
eucker is preeent on the under surface of the head, by which the 
tadpole attaches iteelf, at firet to the gelatinous maze of the 
spawn, and later on to weeds or other objects in the water. 

A few days after hatching, the mouth appears, bordered by 
a pair of horny jaws, and fringed with fleshy lips studded with 
horny papillw. The alimentary canal, which has hitherto been 
short and wide, rapidly increases in length, becoming tubalar 
and convoluted; the liver and pancreas are formed; and the 
tadpole feeds eagerly on conferv@ and other plants, especially on 
decomposing vegetable matter. 

About the time of appearance of the mouth, ie, shortly 
after hatching, a series of four slit-like openings, the gill-clefts, 
appear on each side of the neck, leading from the pharynx to 
the exterior. ‘Tho margins of the slits become folded, and form 
the internal gills; the external gills at tho same time decrensing 
in size and becoming shrivelled in appearance. 

While the internal gil » developing, a fold of skin, the 
operculum, appears on each side of the head, in front of the gills. 
The two opercular folds, which soon become continuous with 
cach other ncross the yontral surface of the head, grow back- 
wards over the gills so as to incloso thom in gill-chambers, 

h f the fourth week, the hinder edges of the 
opercular folds fuse with the body wall along the right side and 
ucross the ventral surface of the bead. On the left side a 
spoutelike opening ins, which communicates with the gill- 
chambers of both sides; through this opening the water, taken 
in at the mouth for respirution, and paased ont through the gill- 
slits, makes its escape to the exterior («f. Fig. 88). 

During this time 
has greatly increased in size. ‘The body (Fig. 44, 8) is broad 
and round; the tail is much larger than before, and forms a 
powerful svinaing organ; while the eucker on the under 
surface of the head, though still present, ia small, and divided 
into two separate halves; and is but little used. 

Very shortly afterwards, rudiments of the hind limbs can be 
seen as 8 pair of small papille at the root of the teil, one on 





GENERAL ACCOUNT OP DEVELOPMENT. 98 


side of the cloacal opening (Fig. 71); the limbs increase 
in siz; about the seventh week they become divided 
and a week or eo later the toes appear. The fore 
about the same time as the hind limbs, bat are 
the opereular folds, and hence do not become visible 

until o later stage (Figs, 84 and 85, La), 
‘Towards the end of the second month the lungs come into 
uae, and the tadpolee, which now have the form shown in Fig. 


Fic, 44.—Varioos stages fo the derelopment of the Frog. 
(rom Drehm's * Thierieben.”) 
SERA aie rade ras 
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breathe. ‘The gills begin to degenerate, but for some time 
respiration is carried on both by the gills end the lungs. 

‘A fortnight or’ three woeks Inter a distinct metamorphosis 
ceenrs, whereby the tadpole becomes transformed, from the fish- 
like condition in which it has hitherto been, to the purely air- 
breathing state characteristic of the adult. The tadpole ceases 
4p fend; a casting, or eedysis, of the outer layer of the skin 
takes place; the horny jaws are thrown off; 
lips shrink up; the mouth loses its rounded suctorial form and 
‘becomes much wider; the tongue, previously small, increases 
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considerably in size, ‘The eyes, which aa yet have boon emall, 


throug spout-like aperture of the 

vight one forcing its way through the 
‘operontar fala, in which it leaves a ragged hole. The abdomen 
shrinks; the stomach and liver eularge, but the intestine 
‘becomes considerably shorter than before, and of smaller din- 
motor; the animal, previously a vegetable feeder, now becomes 
carnivorous. ‘The gill-clefts close up; the gills themselves are 
gradually absorbed; and important modifications, nccompanying 
the change in the mode of breathing, occur in the blood-vessels 
of the pharynx. The kidneys undergo considerable changes; 
the bladder is formed; and sexual differentiation is definitely 
established, The tail, which is still of great length (Fig. 44,11), 
now begins to shorten, and ix soon completely absorbed ; the 
hind ‘9 lengthen considerably, and the animal leaves the water 
as a frog. 

By preventing tadpoles from -breathing air directly, as by 
placing a wire net an inch or so below the surface of the water 
in which they ore living, the occurrence of the metamorphosis 
ean be indefinitely deferred. Under these conditions tadpoles 
increase greatly in size, but do not become transformed into 
frogs. 

Tn the remainder of this chapter the several stages in the 
development of the tadpole, and the formation of the various 
organs and systems, will be described in detail. 


THE FROGS EGG. 
1. Formation of the Egg. 
The early stages in the formation of the eggs cannot be seen , 
in the adult frog, but must be studied in tadpoles. 
In tadpoles of about 10 mm. length, shortly after the open- 
ing of the mouth, a pair of longitudinal ridge-like thickenings 
of the peritonenm appear al the dorsal surface of the body 
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Tt consists of a thick elastic nuclear membrane, apparently per- 
forated by fine radial pores, and inclosing a watery nuclear fluid ; 
the latter is traversed by a finely granular protoplasmic network, 
enlarged at the nodes to form nucleoli, or germinal epote, of 
which one is usually larger than the others, 

The yolk granules are small, sharply defined, spherical or 
evoidal, yellowish particles of food-substance, which are elubo= 
rated by the follicle cells and passed on from them into the 
ovam, ‘They are confined to the protoplasm of the cell-body, 
nob penetrating into the nucleus. They increase rapidly in 
number a2 the egg approaches maturity, and it ie to them that 
tiie size of the egy as well as its opacity are chiefly due. 

When the egg has attained a diameter of about 0-5 mm, an 
exceedingly thin structureless investment, the vitelline mem- 
brane, is formed immodiately around it, and within the follicle, 
‘The mode of origin of the vitelline membrane is not clearly 
made out, but it seems to be formed from the egg iteelf rather 
than from the follicular epithelium. 

A little Inter, and as the egg ix approaching its fall size, a 
layer of black pigment appears on its surface ; this ix at first 
irregularly distributed over the wholo surface, but, as the egg 
ripens, the pigment becomes restricted to one half or hemisphere, 
and the distinction between the white and black poles of the 
ogg is thus established. The pigment ix contained, and appa 
rently formed, within the egg itself; but it is not clear how it is 
formed, or what purpose it fulfils, The facts, thet the pigment 
is confined to the pole of th pote rie develops most rapidly, 
and that warmth great 
suggest that the pigment may facilitate development by pro- 
moting the absorption of heat. 


2, Maturation of the Egg. 

Our knowledge of the phenomena accompanying the matura= 
tion of the frog’s egg is based almost entirely on the researches 
of O, Schultze, and is still in many rospects imperfect. An 
acconnt of these changes has already been given in the intro- 
dactory chapter, bot will be repeated here in order that the 
developmental history of the frog may be given as fully as 

icable. 

‘The process of ripening or maturation commences in an egg 
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tozoon, or male pronucleus; it penetrates farther into the egg, 
carrying the pigment with it, ond soon mocts the female pro- 
nucleus, or part of the nuclear skein which remains within the 
egg after extrusion of the two polar hodies. 

The two pronuclei come into close contact with each other, 
and, after having increased considerably in size, fuse together to 
form the segmentation nucleus, ‘This fusion, which occurs about 
two and a half hours after tho spermatozoon first entered the 
egg, completes the act of fertilisation. 

Almost immediately after the spermatozoon enters the egg 4 
considerable extrusion of peri-vitelline fluid takes place, between. 
the egg and the vitelline membrane (Figs. 45, C and DB). 
‘This separates the ews from the vitelline membrane, and greatly 
facilitates the rotation of the egg within the membrane; from 
this time, in whatever position the spawn be placed, the black 
poles of the eggs will always, from their less specific gravity, be 
uppermost, and the white poles, which are of higher specific 
gravity owing to the greater sbundance of yolk-granules in them, 
will be undermost. The extrasion of the peri-vitelline fluid, and 
the consequent separation of the egg from the vitelline membrane, 
may possibly serve further to prevent or hinder the entrance of 
a second spermatozoon. 


THE EARLY STAGES OF DEVELOPMENT OF 
THE FROG'S EGG, 
1, Segmentation of the Egg. 

Segmentation of the frog's ogg is, like that of Amphioxua, a 
process of cell-division; but although the processes in the two 
animals are essentially ‘eimilar, there are important differences 
in detail, due to the much larger amount of food-yolk present 
in the eg of the frog, and its unequal distribution. 

Food-yolk consists of small granules of highly nutritious 
matter, imbedded in the substance of the egg; but although it 
forms a store of readily assimilated nutriment, at the expense of 
which the development of the embryo can be effected, it must 
‘be remembered that until it has been so assimilated ‘the yolk 
granules will be foreign bodies, and, like any other forcign bodies, 
will be a hindrance rather than an aid to development, Tho direct 
influence of food-yolk is to mechanically impede the astivity of 
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and the formation of the segmentation nucleus, this latter loses 
Bes ade on irs 20 borne en oa eee bees 
at the same time showing a tendency to arrange themselves 

along lines mdiating outwards from the ends of the spindle, 

‘The nucleus now divides into two halves, which move away 
from each other; the yolk granules tend to aggregate themselves 
around the two nuclei, and a thin vertical plate of finely granular 
protoplasm, almost free from yolk granules, is left, dividing the 
ogg into two halves. This plate, which soon becomes pigmented, 
splits vertically into two, the split appearing near the centre of 
the egg, and at first not reaching to ite surface. 

At the upper or black pole of the egg a depression now ap- 
pears, at first as a small pit, and then elongating to forma groove, 
which rapidly extends all round the egg. The groove deepens, 
and, meeting with the eplit already present in the interior of the 
egg (Fig. 46), divides the whole egg into two completely separate 
and equal parts, the plane of division corresponding with the 
vertical pigmented plane mentioned above. 

‘This firat plane of division is stated to correspond to the 
median sagittal plane of the foture embryo and adult; ie. the 
two cells into which the egg is divided by the firet segmentation 
plane are snid to correspond respectively to the right and left 
halves of the body of the frog. 

Each of the two nuclei soon becomes spindle-shaped, and 
then divides into two; and a second cleft is then formed in a 
similar manner to the first. This eecond cleft is also a vertical 
‘one, but in s plane at right angles to the first one; on its com- 
pletion the egg is divided into four similar and equal cells, or 
blastomeres. 

‘The third cleft is horizontal, but not oquatorial, lying (Fig. 
47) much nearer the upper than the lower pole. Tt divides euch 
of the four cells or blastomeres into two, an upper smaller and a 
lower larger one, 

Trom this stage segmentation proceeds rapidly, but according 
to no definite rule, the several cells dividing independently of 
one another. ‘Throughout the process the upper cella divide 
more rapidly, and are consequently always of emaller size 
than the lower cells, the Intter being hampered by the large 
number of yollkegranules they contain: in all cases division of the 
cells is preceded by division of their nuclei, as in the earlier stages. 
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the cells differ more markedly from one another in shape and 
size; and the segmentation cavity is much smaller relatively to 
the entire ovum, and ia excentric instead of central in position. 
From the description given above it will be seen that all these 
differences may be attributed to the greater amount of food-yolk 
present in the frog's egg. 

‘2. The Epiblast. 

OF the two kinds of cells of which the egg consists ab the 
close of segmentation (Fig, 50), the smaller pigmented cells of the 
upper half are the epiblast celle, whilo the larger unpigmented 
cells of the lower half, in which the yolk-granules are mainly 
contained, may be spoken of as the lower layer cells or yolk-cells. 


¥ 
Modis ital section of » Prog Embryo, showing tho epreadi: 
‘of the ‘eis ead the commencing: foraation of the pin beens » oh 


tng? plane. SEW Taner or nerve apo af opiblocs 'arer ager o el ee 
‘The distinction between the two is not an absolute one, the cells 
at the equator of the egg being intermediate in all respects 
between the epiblast and the yolk-cells, As seen from the 
surface, the limit is indicated by the boundary line between ths 
black and the white areas of the egg, and at the close of seg- 
mentation these two areas are approximately equal in extent. 
Tu the succeeding stages the black area increases rapidly at the 
expense of the white area (Figs. 61, 52. 54), and in a few hours 
the pigmented epiblast cells have covered the whole of the egg 
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circular aperture in the epiblast, defined by this groove, is spoken. 
of as the blastopore, or anus of Rusconi; and the mass of yolk= 
cells which fills up the aperture, as the yolk-plug. 

The blastopore lies at first at the lower pole of the egg. 
Reference to Figs. 54, 56, and 58 will show that this lower pole 
becomes eubsequently the hinder or tail end of the embryo, 20 
that the lips of the blastopore, np and uP’, may be spoken of 
as dorsal and ventral respectively. ‘4 

From the figures, and from the above description, it will be 


+r 


a 


F1G, 58,—Horizontal seotion ncross a Frog Embryo of the amo age at that 
shown in Fig. 5, the section being tnkum along a linn joining the refer. 
ence letters T and Bin Fig 62. x25. 
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geen that the groove which limits the blastopore appears first 
fat its doreal margin, ur, and epreade round the sides to the 
ventral margin, Bp’. The slit extends at first radially inwards, 
towards the centre of the egy (Figs. 51, nr, and 52, se"); but 
wlong the dorsal surface the slit, after a short radial course 
(Fig. 52, or), turns sharply at right angles (Pig. 52, 1), und 
spreads forvrards concentrically with the surface of the embryo. 
‘Tho whole embryo, which up to this stage haa been spherical, 
now begins to elongate, becoming ellipsoidal, with the blastopore 
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marking the posterior pole (Figs. 54, 55). ‘By an altaration in 
the position of the cells of its floor, the mesenteric slit (Fig. 52, 
) becomes widened ont into a large cavity (Fig. 54, 7); the 
roof or dorsal wall of which is formed by a well-defined layer of 
small colls, arranged threo or fonr deep, and lying in close 


Py 


110. 54— Raga oilon of Frog Bante tot belara the daappearance ot 
the segmentation 


arity. 5 ean a BP. 
pores hotoohant ITB. outer or: layer 
mesa, tsenteron, piece ee — 
contact. with the epiblast, while the floor and sides consist of 
yolk-cells (Fig. 54, ¥). 

During this change the segmentation cavity, B, gradually 
becomes reduced in size, and ultimately disappears altogether. 
Tt can always be distinguished from the mezenteran by the fact 
that it lies between the epiblast and the yolk-cells, and that its 
wall is therefore formed om one side by epiblast cells only (Pigs 
52 and 53, 0); while the mesenteron, 7, always has walls formed 
by both epiblast and lower layer cells. 

Fige. 52, 54, and 55 zhow that the segmentation cavity 
becomes reduced and obliterated, partly by the growth forwards 
of the cells which form the roof of the mesenteron; and partly 
by a shifting in the position of the yolk-cells forming the floor 
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‘The meeoblast (Vig. 56, m) thus arises in the frog as two 
lateral sheets of cells, eplit off from the outer surface of the 
and yolk-cells. The two sheets very early become 
continuous with each other in the mid-ventral plane, but are 
separated dorsally by the notochord, which is formed, indepen- 
dently, from the hypoblast in the mid-dorsal region. 
At intervals slong their length, the mesoblast shects remain 
for a time attached to the hypoblast slong tho dorsal surface of 
the mosenteron, not far from the median plane; and, at these 


Mio, 66—A tranevene ection through the midi of the lanxib of a Prog 
Ealayo at about the stago represented fa Pig. 65. 
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places, slight pouch-like diverticula from the mesenteron (Fig. 
56, mM) may be seen extending into the mesoblast, sheets, It 
has been suggested by Herty ig that these diverticola are pos- 
sibly indications of a mode of origin of the mosoblast as hollow 
diverticula from the mesenteron, such as ocears in Amphioxns 
(of. Figs. 24 and 28, ce). 


5. The Blastopore ani the Primitive Streak, 


The blastopore, or anus of Rusconi, has been defined above as 
the cirealar aperture in the epiblast which is filled up by the 


yolk-plug (Figs. 52 and 58, A); the lip of the blastopore and 
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Anteriorly, the two neural folds are connected by a trans- 
verse fold (Fig. 57), which runs across the anterior end of the 
neural plate, and slightly raises it above the level of the sar- 
rounding parts; while at their hinder ends the two neural folds 
ane continuous with the lateral lips of the 

‘The neural folds rapidly increase in height andsthicknoss: 
the groove between them deepens ; and the folds, becoming more 
and more prominent (Pigs. 58, 59), appronch Gack other, and 
finally meet in the median plane and fuse together, converting 
the neural groove into a tube. 

‘The neural folds first meet about the junction of the head 


in tho ently davolopmont of tho Frog Embrguy 
‘From a wories of wax models by Dr. 
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ond neck of the embryo; and from this point the fution extends 
rapidly backwards, and more slowly forwards, The point at 
which fnsion last oceurs is a little distance behind the anterior 
end of the neural tube, at the spot where the pineal body is 

later, the part of the tube in front of this point being 
roofed in by growth backwards of the anterior or transverse 
neural fold seen in Fig, 57. 

‘Tho neural groove extends back a2 far as the blastopore 
(Pigs. 57 and 58, B), and the neural folds, as noticed above, 
become continuous at their hinder ends with the lips of the 
blastopore. For a short time, after completion of the neural 
tube, the blastopore still remains open, communicating, as seen 
in Fig. 60, both with the mesenteron and with the cavity of the 
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neural tube. Very shortly, however, the fusion, by which the 
neural tube is closed, extends farther back, 20 as to involve the 
lips of the blastopore, and the external opening of the blastopors 
becomes finally closed (Fig. 58, B, and Fig. 61). The commani- 
cation between the neural tubieand the mesentaron stil persists, 

however, d& a narrow tubular passaye, the neurenteric vin 
(Fig. 61), passing round the hinder end of the notochond. || 


Pre, 69. “Ryrcesters pres through a Frog Embryo, at # stayo corresponding: 
acces exing the cual la shortly before they meet each 
the neural 
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oops nari eanal persists only for very short time, 

In the immediately succteding stages the tail begins to 
lengthen mpidly, carrying the hinder end of the neural tube far 
from the mesenteron, and the chatmel of communication 
between the two becomes speedily obliterated. At the time of 
hatohing (Fig. 69, p. 116), the hinder end of the neural tube 
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curves slightly downwards, round the end of the notochord, but 
ends blindly o long distance frou the mesenteron. A string of 
‘cells, connecting the two structares, is nt this stage the sole indi- 
cation of the former communication between them, 

The noural tube, formed in the way described above, ly 
fasion of the neural folds, soon separates along its entire length 
from the external epiblast, and by thickening of its walls and 
various histological changes becomes converted into the central 
nervous system; the anterior part forming the brain, and the 
posterior part the spinal cord. The lumen or cavity of the 
neural tube persists throughout life as the central canal of the 


Fro, 60.—fagittal aoction of a Frog Kmbryo shortly before closure wf the 
peice ‘and of the same age as the embryo shown in Fig. 6%, D. «30. 
BF, forebrain, BH, bios) BM, wit-bewin, Hi, bs Hew, 
Fie Sars ued pees et 
Aivertealun of ueseateron, By central emul of epliat cord,” Ay jut cae 
spinal cord and the ventricles of the brain (of: Figs. 60, 61, (4, 
and 65), 

‘The further changes undergone by the spinal cord are com= 
paratively slight, and will not be described in detail. Almost 
from the first (Fig. 70,p. 147), the epinal cord ie oval in tranaverse 
section, the central canal being a vertical slit. The layer of 
cells lining the central canal, derived (ef. Fig. 59) from the 
outer or epidermic layer of the epiblast, remains throughout life 
aga layer of columnar ciliated epithelial cells; while the outer 
wall of the neural tube, formed from the deeper or nervons layer 
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straightened out, and it also recedes some distance from the 
anterior end of the head, 

‘The straightening of the brain, or rectification of the cranial 
flexure as it is sometimes termed, is apparent rather than real, 
and is brought about principally by the formation of tho corobral 
hemispheres (Pigs. 64, 65, ec), which grow forwards from the 


FIC. 64.—Sngittel seetion of the head end of 
fore tho opening of the mouth, 
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fore-brain, and speedily attain so large a sizo relatively to the 
other parts of the brain as to alter the direction of the axisof the 
brain as.a whole, and to completely obscure the original flexnre, 
which really persists throughout life. ‘The receding of the 
brain from the anterior end of the head is due to the more 


rapid growth of the surrounding parts, and moro especially of 
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‘end of the fore-brain begins to grow forwards as a median thin- 
walled vesicle of the hemispheres ; this steadily increnses in size, 
‘but, up to the time of the formation of the mouth, remains un- 
divided. At this stage (Fig. G4, nc), it is approximately 
|, and about equal in size to the mid-brain: its roof and 
anterior wall are both extremely thin, but its side walls are mugh 
thickened, so that the central cavity is compressed laterally. 
‘The vesicle continues to increase in size, but remains single 
and undivided up to a stage slightly later than that ehown in 
Fig. 65, when a division between the two hemispheres appears. 
This is effected by the roof and anterior wall becoming folded ver- 
tically along the median plane ; the fold, which is continuous pos- 
teriorly with the choroid plexus of the third ventricle, projects into 
the cavity of the vesicle, and partially divides this into right and 
Toft halves, which become the lateral ventricles of the hemispheres. 
By further growth forwards of the hemispheres, with thick- 
ening of their walls, the proportions. of the adult brain are 
gradually acquired ; the brain ut the time of the metamorphosis 
heing practically identical with that of the fully formed frog. 
‘The anterior or distal extremities of the hemispheres become the 
lobes; these are at first separate from each other, but: 
ultimately become fused together along their inner surfaces” 


3. The Development of the Peripheral Nervous System. 

Tt will be convenient: to give first a general description of the 
early stages of development of the peripheral nervous system of 
the frog, and then to deal separately with the cranial and the 
spinal nerves in regard to the later phases of their formation. 
There are still many points on which our knowledge of the 
development of the nervous system in the frog is imperfect, 
and unsatisfactory. 


‘The early stages of development of the nerves. ‘lhe dorsal 
roots of thespinal nerves, and tho majority of the cranial nerves, 
arise in closely similar manner, and st a very early period. The 
first commencements are seen in embryos which are still almost 
spherical, and in which the neural plate and neural ridges are 
just commencing to form, but have not yet begun to fold in to 
inelos# the neural tube (Fig. 57). 

‘The neural plate is formed, as described above, by thickening 
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nerve is perhaps to be added to these. The optic nerve develops 
in a very special manner ; wad the con of dosage GEA 
third, fourth, and sixth nerves in the frog has not yet been 


as the dorsal roots of the spinal neryes, yet differ from these, and 
agree amongst themasclyes, in certain important features, of 
which the following are the principal :— 

i, The nerves in question, in place of growing downwards, 
like the spinal nerves, alongside the central nervous system, 
grow outwards, close to the surface of the embryo, between the 
‘epiblast and the mesoblast, 

ii, Each of these four nerves acquires a new connection with 
the surface epiblast 2omoe considerable distance beyond the rood 
of origin from the brain, and at about the horizontal level of the 
notochord ; at this place,and at any rate in part from the surface 
epiblast itself, the ganglion of the nerve is formed. 

iii, The nerves have special relations to the gill-slits, each 
nerve dividing into two main branches, which embrace between 
them one of the gill-slits, 

iv. A special “ystem of cutaneous nerves is developed from 
the surface epiblast in connection with these four nerves, form= 
ing the lateral line system of nerves. 

In dealing with the several cranial nerves individually it will 
be convenient to consider them in order from behind forward: 

X. The pneumogastrio, vagus, or tenth cranial nerve. This 
grows rapidly in the early stages, and soon attains an enormous 
size. In embryos of about 3 mm. length (e/. Figs. 58, ©, and 
59), when the neural folds have not quite met in the hinder part 
of the head, and the neural groove is, therefore, still open, the 
pmeumogustric nerves are already present as a pair of wing- 
like expansions of the neural ridges. The root of attachment 
of the nerve, in the re-entering angle at the top of the brain, 
between the epiblast and the brain wall, is slender; but the rest of 
the nerve is of great thickness. If extends more than half way 
down the side of the pharynx, lying between the mesoblast and 
the surface opiblast, very close to the latter but distinct from 
it along its entire longth (¢f- Fig. 79, x). The nerves of the 
two sides are in some cases unequally developed nt this stage. 

x 
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pentose ta oy ies ee eae (Gee Be ret 
themselves have undergone bat little farther change. At the 
level of the notochord the external epiblast presents, on each 
side, a very distinct and localised thickening of its inner or 
nervous layer. This thickening projects inwards, and lies very 
close to the pneumogastric nerve, a little below the middle of 
ite length, but a# yot the two structures are independent. , ‘The 

well 


“AB Gio tine of hatching. te. in tadpoles of about: 7 mm. 
length (¢f. Figs. 69, aero the epiblastic thickening and 
the nerve have fazed, and together form the ganglion of the 
pneumogastric: the horizontal extension backwards of the 
thickening, which forms the lateral line nerve, has grown enor- 
mously, reaching now almost to the hinder end of the body of the 
tadpole, The mode in which this lateral line nerve grows has not 
been determined with certainty in the frog; at its first appear 
ance it is clearly a ridge-like thickening of the inner surface of 
the epiblast, but it ia difficult to decide whether the extension 
backwards, which is effected with great rapidity, is due to a 
splitting off from the epiblast, or to growth backwards of a solid 
rod of cells from the ganglion of the pnoumogustrie, Such 
evidence as is forthcoming rather favours the latter view. In 
transverse sections at this stage (Fig. $2, NL), the lateral line 
nerve hag the appearance of a solid rod of colle, lying in a groove 
along the inner surface of the epiblast, at the level of the lower 
part of the spinal cord. The lateral line nerve is of large size 
throughout the whole period of tadpole life ; it is present during 
the metamorphosis, but disappears completely at its close, 
During the later tadpole stages it separates from the skin, and 
becomes more deeply placed among the muscles of the body 
wall, Besides the main lateral line nerve described above, 
other similar cutaneous branches are formed in eonnection with 
the pneumogustric ganglion; a more slender nerve is developed 
nearer the mid-dorsal line; and a stout nerve rans at first 
ventralwards from the ganglion, and then backwards along the 
‘sides of the ventral surface of the abdominal region. 

Concerning the forther development of the 
nerve itself there are some points of interest. The root of 
attaehinent to the brain, which is acquired in the same manner 
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VIL. The facial, or seventh nerve, as noticed above, is, in 
early stages, continuons with the auditory nerve. Beyond pe 
auditory vesicle the facial nerve runs downwards and forwards, 
close to the surface epiblast. Shortly before the time of hatching: 
of the tadpole, the nerve becomes connected with an ingrowth of 
the epiblast at the level of the upper border of the notochord, 
and at this place the ganglion is formed. Beyond the ganglion 
the nerve divides into three principal branches: (i) a small 
eatuneous branch which appears to develop in connection with 
the opiblastic ingrowth, and to belong to the lateral lino series 
of nerves ; (ii) a stout post-branchial branch, which rans down~- 
wards and forwards along the hyoid arch, close to its surface; 
and (iii) a small palatine nerve, which runs forwards in the roof 
of the pharynx, not far from the median plane. 

VI. The development of the sixth, or abducent nerve, hos 
not been determined in the frog. From its general relations, and 
from what ix known concerning its mode of formation in other 
animals, it is probably comparable to a ventral root of # spinal 
nerve. 

¥. The trigeminal, or fifth cranial nerve, is the largest of the 
whole series; it lies immodiately in front of the facial nerve, 
with which it is in cloze relation from the first. 

‘The trigeminal nerve, like the pheumogastric, enrly attains 
large sive, and in 4mm. tadpoles (, . 58, B, and 61) extends 
half way down the side of the pharynx. At or shortly before 
thia stage, a thickening of the external epiblast occurs at the 
level of the upper border of the notochord, immediately behind 
the eye, and in front of the auditory v i 
with the nerve, the two togethi 
thickening of the epiblast extends 
front of the ganglion, and giv 
similar to the lateral line nerve fors 


surface, and teen 
oonnected with t 


divides distally into ophthe and mandibular branches, of” 
which the former rur a bier the latter down- 
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At the time of opening of the mouth, in tadpoles of about 
9 mm. | » the condition of the trigeminal nerve is as 
follows :—The nerve arises on each side, by a single root, from 
the side of the medulla oblongata ; and, running downwards and 
forwards, expands to form the Gasserian ganglion, which lies 
midway between the cye and car, and immediately in front of 
the ganglion of the facial nerve. From the ganglion three 
branches arise: (i) a small but well-marked cutaneous branch 
rans directly outwards, behind the eye, to the skin, along which 
it continues forwards fora short distance. (i) A large ophthalmic 
branch runs horizontally forwards between the eye and the 
brain, parallel to the onter margin of the brain, and dorsal to 
the optic nerve and to the nose; in front of the nose it turns 
slightly downwards, and ends in branches supplying the skin of 
the snont: the hindmost or proximal part of the ophthalmic 
nerve ia very thick and ganglionic, the distal part is thin, (iii) A 
very thick mandibular branch, which is also ganglionic at its 
proximal end, rans downwards and forwards below the eye, 
clos to the ganglion of the facial nerve, but separated from 
this by the anterior cardinal vein; it rung through the jaw 
muscles, and ends in the floor of the mouth. From the mandi- 
bular branch a slender maxillary branch rons forwards, beneath 
the eye, and along the upper jaw to the anterior end of the 
head, where it ends in the skin of the upper lip, 

LV. The mode of development of the fourth cranial nerve ot 
the frog has not been determined, 

TIL, The third cranial nerve is nlso very imperfectly known, 
Its early development: has not yet been ascertained. At the 
time of opening of the mouth, in tadpoles of about 9 mm. 
length, it is present a a slondor nerve, arising from the lower part 
of the side of the mid-brain, not far from the median plane, and 
haying already the course and relations of the nerve in the adult. 

TI, The optic, or second eranial nerve, will be best dealt with 
in the description of the development of the eye. ‘The nerve- 
fibres arise in connection with the retina, and grow inwards 
along the optic stalk to tho brain, 

L, The olfactory, or first cranial norve, The early stages in 
the development of the olfactory nerve in the frog have not 
‘been geen; there are reasons for suspecting that it ix developed in 

_ part from the epithelinm of the olfactory pit itself, and perhaps 
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position nt the sides of the brain, and become situated in front 
of it, This causes longthening of the olfactory nerves, and a 
change in their direction; in place of ranning outwards from 
the brain, they now run almost directly forwards; the roots of 
the nerves, however, still arise from the ventral surface of the 
brain, some distance from its anterior end, as in the adult. 


The sympathetic nervous system. The sympathetic system 
develops a8 a series of outgrowths from certain of the cranial, and 
from all the spinal necves. ‘These develop ganglionic swellings, 
which, in the body region (Figs. 84 und 87, sy), lie beneath the 
notochord, and alongside the dorsal aorta. At an carly stage, 
shortly after the formation of the mouth, the several ganglia of 
each side become connected together by « longitudinal nerve~ 
cord, but whether this cord arises independently of the ganglin. 
or, as is more probable, by the formation of outgrowths from the 
ganglia, has not been definitely determined. 


DEVELOPMENT OF THE SENSE ORGANS. 

The organs of special sensation, like the nervous system 
itself, are developed from the deoper or norvous layer of the 
epiblast, and sre continuous with their respective nervee from a 
very early stage in their formation. The derivation of the 
senso organs from the epiblast is explained by the fact that 
they are concerned in the appreciation of the presence and 
nature of external objects, and are therefore necessarily formed 
‘on the surface of the body, They are in all cases to be regarded 
ag specially modified parte of the epidermis, 
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1. The Nose, 
‘The olfactory organs appear ab a very early period of develop- 
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the head, lying at the sides of the fore-brain, and in front of, and 
slightly doreal to, the position in which the mouth will after- 
wards appear. : 

Be ae RE Ae 
patches ; and a pitting in of the surface, involving both layers, 
‘appears in each of the patches. ‘The pits so fermed become the 
nasal sacs; the mouths of the pits forming the nostrils or 
anterior nares, and the epiblastio lining of the pits becoming 
converted into the olfactory epithelium. ‘The condition of thees 
pits at the time of hatching of the tadpole is shown from the 
surface in Fig. 72, o¢, and in horizontal section in Fig. 7A, ov. 

The olfactory pits rapidly deepen (Fig. 66, or), bce teh 
the upgrowth of folds of skin round their margins than by 
depression af the floors of the pits themselves; the result of 
this process being the formation of a pair of deep pits, of which 
tho inner walls are derived from the original patehos of olfactory 
epithelinm, 

A short time after batching of the tadpole, a solid rod of 
epithelial cells is formed by prolifordtion of the cells of the 
floor of each olfactory pit. Those rods of cella grow downwards 
and inwards towards the roof of the pharynx, mecting and fusing 
with this immediately behind the septum between the pharynx 
and the stomatodwum (Fig. 64). Shortly after the mouth open- 
ing is established, by perforation of this septum, these reds of 

in tadpoles of 12 mm. length, in which 
appearing, the tubes open into the roof 
of the mouth as the posterior nares (Fig. 76, 21). 
By further folding of the walls, and by the formation of 
tach snc, the complicated olfactory laby= 
tinth of the adult is developed. A special diverticulum of the 
ventral wall of each sac gives rise to the organ of Jacobson. 


&. The Bye. 

The eye differs from the other sense organs inasmuch as an 
accessory part, the lens, is alone formed from the surface 
opiblast; while the sensitive part of the eye, or retina, arises as 
‘an outgrowth from the brain, and thus is only indirectly derived 
from the epidermis. 

‘The optic vesicles have already (p. 125) beon described as a 
peir of hollow outgrowths, which arise from the fore-briin about 
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the time that closure of the neural tube is offected ; they project 
outwards at right angles to the axis of the head, their outer 
walls being in close contact with the epidermis of the sides of 
the head. Each of the vesicles becomes constricted at its base, so 
ax to form a spherical optic bulb, connected with the forg-hrain 
by a hollow tubular stalk. The outer wall of the bulb, which 
is in contact with the external epidermis, soon becomes flattened, 
and then thickens so greatly as almost to obliterate the cavity 
of the vesicle (Fig. 67, oc). 

The lens. About this time a thickening of the inner, or 
arevous, layer of the surface epiblast takes plice apposite to the 
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centre of each optic vesicle; this thickening increases rapidly, 
and at the time of hatching of the tadpole forms a solid 
spherical body projecting inwards from the surface; this soon 
‘becomes hollow, by breaking down of the cells in its centre, and 
then separates from the surface epiblast, It may now be spoken 
of as the lens vesicle (Fig. 66, oL); in the later stages, after 
the formation of the mouth opening, the lens vesicle becomes 
solid once more (Fig. 67, OL), mainly through longthening of 
the cells of its immer wall; and by further increase in size it 
‘becomes the lens of the adult eve. 


> a 
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‘The optic cup. Partly in consequenes of the ingrowth of the 
lens vesicle, but mainly through active growth of the walls of 
the optic vesicle itself, this latter becomes pitted on its outer 
surface, and so converted into a cup (Figs. 66,67). This optic 
cup, as it is termed, has double walls: tho inner wall (Figs. 66 
and 67, 0C) is very thick, and consists of cells arranged three or 
four deep ; the outer wall (Fig. 67, on) is thin, and consists of 
a single layer of flattened cells, in which pigment is early deve 
loped. (Of. Fig. 76, 0c.) 

In the later stages of tadpole life the optic eup slowly 
enlarges ; it remains in contact with the lens at ite edge or lip, 
but elsewhere ig separated from thie by a space, which becomes 
the posterior chamber of the eye, and in which the vitreous body 
is formed, 

‘The inner, or thicker, wal! of the optic cap gives rise to the 
retina; the molecular and nuclear layers, and the layers of nerve 
cells and nerve fibres, being formed by modification of the cells 
of the wall itself; while the rode and cones of the bacillary layer 
arise a8 outgrowths from its outer surface, which grow towards, 
and become imbedded in, processes developed from the pig- 
mented cells of the outer wall (Fig, 67, 00) of the optic cup. 

If the mode of development of the brain be called to mind, it 
will be soon that the layer of epithelial cells which lines the 
cavity, or ventricle, of the fore-brain (Fig. 67, nF) ie morpho- 
logically equivalent to the outer or epldernt 
surface epiblast, and was originally directly continuous with 
this, before. closure of the neural groove was effected. As the 

s n the fore-brain, the cells lining 
its cavity, ie, tl ) spaco between the inner, 06, 
‘and outer, OD, wi 0 


ie of the ae nerve are developed 
on the inner surface of the inner layer of the optic cup, te. 
the surface next to the vitreous body, and grow inwards along 
the optic stalk to the brain, It follows from what has been said 
in the previous paragraph that thie inner surface of the optic 
cup is morphologically equivalent to the deaper or nervous layer 
of the epidermis, from which we have seen that all the other 
nerves are developed, directly or indirectly. 
Up to the time of hatching there a no tmee of the optic 
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nerves and the special patches of epiblast with which they 
become fused. 

Certain of the accessory organs of hearing, especially the 
Bustachian tubo and the tyrapanic cavity, may conveniently be 
described here, although they are essentially independent of 
the anditory apparatus, and only become secondarily connected 
with this, 

‘The early development of the ear. About the time of closure 
of the neural groove, the auditory epithelium can be it 
aa a pair of thickened circular patches of the deeper layer of 
epiblast, one nt each side of the hind-brain, with which patches 
the anditory nerves are already continuous, 

Soon after closum of the nenral tube, in embryos of about 
Som. length (Fig. 60), each of these patches becomes depressed, 
forming a shallow pit, semicircular in transverse section, and 
covered at its mouth by the onter layer of epiblast, which is 
continued over it without interruption. ‘Tho pit deepens, and 
the mouth geadaally closos by ingrowth of its lips. Shortly 
before the hatching ofthe tadpole the closure is completed, and 
the auditory vesicle separates from the surface opiblast, 

Atthe time of its separation the vesicle is a closed sac, some~ 
what pyriform in shape; its lower or ventral portion being 
spherical, and lying opposite the notochord, and its dorsal wall 
being prolonged upwards into a ehort blind diverticulum lying 
at the side of the hind-brain. The wall of the vesicle consists 
of a single layer of cubical or columnar cells; those of the 
inner wall, with which the auditory nerve is continuous, being 
rather more elongated and m: ply pigmented than the rest. 

The internal ear or labyrinth. After closure of its mouth the 
vesicle increases considerably i , and becomes further sepa~ 
rated from the surface by ingrowth of mesoblast between its outer 
wall and the external epiblast. fo the time of the formation 
of the mouth it undergoes no change of importance, 
remaining as a spherical sac lorsal diverticulum, 

Shortly after the h, i. in tadpoles of 
from 10 to 12 mm. in le of the internal 
ear become gradually di x 
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between the two! layers of each fold, the septa thereby acquiring 
increased thickness. , 

‘The first septum which appears divides the vesicle into its 
two main cavities, sacculas and utriculus. It arises in tadpoles 
of about 11 mm. length as a fold of the outer wall of the vesicle, 
which projects somewhat obliquely across the cavity, dividing it 
into nn upper and inner division, the utrienlus; and a lower 
and onter portion, the saceul ‘The septum is ut first confined 
fo the hinder part of the vesicle, but soon extends all round it; 
and, growing inwards, separates the two divisions almost com- 
pletely from each other, a very small aperture of communication 
alone persizting between them, 

From the utriculus, the semicireular canals are formed. Each 
canal is really a portion of the utriculus, which becomes partially 
shat off from the main cavity by the formation of a septum 
along the middle portion of its length; remaining, however, in 
communication with the cavity at each end. Each septum is 
formed by two separate folds, which grow towards each other 
from opposite sides of the vesicle, meet along their edges, and 
fuse to complete the septum (Fig. 75, p. 162). The septum 
soon thickens, through the ingrowth of mesoblast: between its 
layers ; it also elongates, and so causes lengthening of the canal, 
which gradually acquires the adult shape and relations. 

OF the three semicircular canals, the anterior vertical and 
the horizontal ure formed simultancously, and first appear in 
tadpoles of about 11 mm. length. ‘The posterior vertical canal 
arises in the same way, but at a slightly later stage, in tadpoles 
of about 15 mm. length. 

‘The ampullix of the semicircular canals are formed later than 
the cannls themselves, not os dilatations of the canals, but by 
constriction of parts of the utriculus, at the places where tho 
‘canals open into it. 

The second division of the vesicle, or sacculus, grows down- 
wards, and soon acquires the pouch-like chameter it has in the 
adult. From its upper and hinder portions three small bulgings 
or pouch-like outgrowths appear, which together form the 
cochlea. Of there, the Ingena cochlem is the largest and the 
enrliest to appear, arising in tadpoles of about 15 mm. length; 
the pars neglecta appears shortly afterwards, and the pars 
Dasilaris last of all. 
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nerves and the special patches of epiblast, with which they 
become fused. 

Certain of the accessory organs of hearing, especially the 
Eustachian tube and the tympanic cavity, may conveniently be 
described here, although they are essentially independent of 
the auditory apparatus, and only become secondarily connected 
with this. : 

The early development of the ear. About the time of closure 
of the neural groove, the auditory epithelium can be recognised 
as a pair of thickened circular patches of the deeper layer of 
epiblast, one at each side of the hind-brain, with which patches 
the anditory nerves are already continuous. 

Soon after closure of the neural tube, in embryos of about 
8 mm. length (Fig. 60), each of these patches becomes depressed, 
forming a shallow pit, semicircular in transverse section, and 
covered at its mouth by the outer layer of epiblast, which is 
continued over it without interruption. The pit deepens, and 
the mouth gradually closes by ingrowth of its lips. Shortly 
before the hatching of the tadpole the closure is completed, and 
the auditory vesicle separates from the surface epiblast. 

Atthe time of its separation the vesicle is a closed sac, some- 
what pyriform in shape; its lower or ventral portion being 
spherical, and lying opposite the notochord, and its dorsal wall 
being prolonged upwards into a short blind diverticulum lying 
at the side of the hind-brain. The wall of the vesicle consists 
of a single layer of cubical or columnar cells; those of the 
inner wall, with which the auditory nerve is continuous, being 
rather more elongated and more deeply pigmented than the rest. 

The internal ear or labyrinth. After closure of its mouth the 
vesicle increases considerably in size, and becomes further sepa- 
rated from the surface by ingrowth of mesoblast between its outer 
wall and the external epiblast. Up to the time of the formation. 
of the mouth it undergoes no further change of importance, 
remaining as a spherical sac with a blind dorsal diy! 

Shortly after the opening of the mouth, i. 
from 10 to 12 mm, in length, the various 
ear become gradually differentiated, the, 
the changes are brought about being 
folding of the wall of the vesicle, 
the cavity and partially subdivide 
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nerves and the special patches of epiblast with which they 
‘become fased. 

Certain of the accessory organs of hearing, especially the 
Eustachian tube and the tympanic cavity, may conveniently be 
described here, although they are essentially independent of 
the auditory apparatus, and only become secondarily connected 
with this. 

‘The early development of the ear. About the time of closure 
of the neural groove, the auditory epithelium ean be recognised 
ag a pair of thickened circular patches of the deeper layer of 
epiblast, one at each side of the hind-brain, with which patches 
the anditory nerves are already continuons, 

Scon after closure of the neural tube, in embryas of about 
8 mm. length (Fig. 60), each of these patches becomes depressed, 
forming a shallow pit, semicircular in transverse section, and 
covered at its mouth by the outer layer of se: which is 
continued over it without interruption, The pit deepens, and 
the month gradnally closes by ingrowth of es lips. Ean 
before the hatching of the tadpole the closure is completed, and 
the auditory vesicle separates from the surface epiblast. 


Atthe time of its separation the vesicle is a closed snc, some~ 
ower or ventral portion being 
s notochord, and ite doreal wall 
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between the two layers of each fold, the septa thereby acquiring 
increased thickness, 


‘The first septum which appears divides the vesicle into its 
two main cavities, sacculus and utriculus. Tt arises in tadpoles 
of about 11 mm. length as a fold of the enter wall of the vesicle, 
which projects somewhat obliquely across the cavity, dividing it 
into an upper ond inner division, the utriculus; and a lower 
and outer portion, the sacculus, Tho septum is at first confined 
to the hinder part of the vesicle, but soon extends all round it; 
and, growing inwards, separates the two divisions almost com= 
pletely from each other, a very small aperture of communication 
alone persisting between them. 

From the utriculus, the semicircular canalsare formed. Each 
canal is really 6 portion of the utriculug, which becomes partially 
shat off from the main cavity by the formation of a septum 
along the middle portion of its length; remaining, however, in 
communication with the cavity at each end, Rach septum is 
formed by two separate folds, which grow towards each other 
from opposite sides of the vesicle, meet along their edges, and 
fuze to complete the septum (Fig. 75, p. 162). The septum 
soon thickens, through the ingrowth of mesoblast between its 
layers ; it also elongates, and so causes lengthening of the canal, 
which gmdually nequires the ndult shape and relations, 

Of the three semicircular canals, the anterior yertical and 
the horizontal are formed simultaneously, and first appear in 
tadpoles of about 11 min. length. The posterior vertical canal 
arises in the same way, but at a slightly later stage, in tadpoles 
of about 15 mm. length. 
 Theampullie of the semicirenlar canals are formed later than. 
the canals themselves, not as dilatations of the canals, but by 
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nerves and the special patches of epiblast with which they 
become fused. 2 
Certain of the accessory organs of hearing, especially the 


The early development of the car. About the time oftclosure 
of the neural groove, the auditory epithelium can be 
a8 a pair of thickened ciroular patches of the deeper layer of 
epiblast, one at cach side of the hind-brain, with which patehes 
the auditory nerves are alrendy continuous, 

Soon after closure of the neural tube, in embryos of about 
3mm. length (Fig. 60), each of these patches becomes depressed, 
forming a shallow pit, semicircular in transverse section, and 
covered at its month by the outer layer of epiblast, which is 
continued over it without interruption. The pit deepens, and 
th month gradually closes by ingrowth of its lips. Shortly 
before the hatching of the tadpole the closure is completed, and 
the auditory vesicle separa i 

Atthe time of its separati 
what pyriform in shape; its lower or ventral portion being 
epherical, and lying opposite the notochord, and its dorsal wall 

rards into a short: blind diverticulum lying 


of a single layer of cubical or columnar cells; those of the 
inner wall, with which the auditory nerve is continuous, 
rather more elongated and more deeply pigmented than the rest, 
‘The internal ear or 1a] After closure of its mouth the 
vesicle increases considerably in size, and becomes farther sepa~ 
rated from the growth of mesoblast between its outer 
al epiblast. Up to the time of the formation 
of the mouth it undergoes no further change of importance, 
remaining as a spherical sac with a blind dorsal diverticulum. 
Shortly after the opening of the mouth, ic. in tadpoles of 
from 10 to 12 mm. in length, the various parts of the internal 
ear become gradually differentiated, the chief process by which 
the changes are brought about being the formation of septa, by 
folding of the wall of the vesicle, which project inwards into 
the cavity and partially subdivide it. Mesoblast soon grows in 
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end of the Eustachian tube at a time when this lies below the 
eye. During the metamorphosis, this ring of cells preserves its 
relation with the outer end of the Eustachian tube, or tympanic 
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cavity, and eae det shifts tai with this latter to ite adule 
position. A bar of curtilage appears in its ventral portion, 
which gradually extends at its ends until it forms the complete 
annalar tympanic cartilage. 

‘The development of the auditory ossicle, or columella (Fig. 
68, c), will be described in tho section dealing with the develop- 
ment of the skall (p. 209). 


4, The Catancous Sense Organs, 

During the tadpole stage, while the animal is leading an 
aquatic life, special sense organs in the form of small epidermal 
pspille are present, arranged in rows along the body, round the 
eyes, and on other parte of the head. They are supplied by the 
lateral line series of branches of the trigeminal and 
gastric nerves, which have alrendy boen described (pp, 130, 192) ; 
they are lost completely at, or shortly after, the time of the 


is. 
‘The mouth of the tadpole is also provided with special 
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(Big, 61, rr) is formed, of which the floor and sides, as well as 
the roof, are formed of a single layer of hypoblast cells, The 
hinder or intestinal region of the mesenteron (Fig. 61, 11), has 
much the same relations as before, its roof being thin, but its 
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floor and sides (Fig. 70) of groat thickness. The mais of yolk— 
cells, forming the floor of the intestinal regio, becomes more 
compactly arranged and more definitely restricted ; in front it is = 
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sharply marked off from the pharyngeal region by a backwardly 
directed diverticulum (Fig. 60, 1), which forms the first oom- 
mencement of the liver; while at the hinder end of the body, by 
withdrawal of the yolk-plag from the surface of the embryo (ef: 
Figs, 55 and 60), the posterior limit of tho yolk-maee becomes 
clearly defined, and the short rectal diverticulum (Fig. 60, 8) 
‘opened ont. 

Ab the time of hatching of the tadpole (Figs. 69 and 74), 
this distinction between » wide, thin-walled pharyngeal region. 


iat 20.—'fransverse section across the middle ef the longth of a ¥ 
jgmbeyo By mim. in length. (CF Figs. 62,0, and 60 for ether views 6 
embryos of the game aye) > 62. 
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and a narrow, thick-walled intestinal portion is very well 
marked, the passage from one region to the other (Fig. 74) 
being an abrapt one, Up to this time the alimentary canal has 
‘beon perfectly straight, but shortly after hatching, and especially 
‘After the formation of the mouth, the intestinal region elongates 
smipidly ; the food-yoll: is speedily absorbed, and the intestine 
along tube, cuiled in a characteristic spiral manner, and 

+2 


s a 
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‘of approximately uniform diameter along its whole length (Fig, 
65). Owing to this rapid elongation, and the convolutions into 
which it necessarily becomes thrown, the intestine, which at 
first is closely attached to the doreal wall of the body cavity, 
immediately benesth the notochord, shifts ventralwards, re- 
maining, however, suspended from the mid-dorsal wall of the 
body cavity by the mesentery, 

At the time of the metamorphosis the alimentary conal 
shortens rapidly and vory considerably ; and the distinction in 
diameter between the stomach, small intestine, and large intes- 
tine becomes much more pronounced. During these changes 
the entire alimentary canal is in « condition of active inflam 
mation, and no food is taken, nutrition being effected by the 
gradual absorption of the tadpole’s tail. 


‘The stomatodwum. At the time of hatching (Fig. G9, ps), 
the stomatodasum is a well marked thongh shallow pit on the 
under surface of the head; its floor ix in close relation with the 
anterior wall of the pharynx, the epiblast of the stomatodwal pit 
and the bypoblast of the pharyngeal wall being in contact with 
each other, withont any intervening mesoblast. From the 
doreal border of the etomatodmum, the pituitary body (Fig. 69, 
pr) projects inwards between the brain and the 

The stomatodwal -pit- mpidly deepens, not by depression af 
its floor, but by uprising of its walls (Pig. 64), the margins of 
which give rise to the lips, The septum between the stomato- 
deum and the pharynx gradually becomes thinner, and in tad~ 
poles of from 9 to 10 mm. length is perforated; the mouth 
opening is thus established, a the pharynx placed in direct 
communication with the ex 

Tn the later stages the limits of the original stomatodmal 
invagination can be fairly accurately determined, Tn the section 
of a 12 mm. tadpole given in Pig. 65 the boundary is indicated 
by a difference in the mode of shading employed; the epiblastic 
lining of the stomatodwum is represented by a thick black line, 
while the hypoblastic wall of the pharynx is shown by a double, 
cross-hatched lina, The posterior nares mark the boundary 
between the two regions exactly ; they open (ef. Pig. 76, 21) 
into the pharynx immediately behind the septum, so that a line 
drawn across the roof of the mouth, through the anterior borders 
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ably Inter period, ‘This early appearance af the proctodmal 
opening is perhaps to be associated with the early formation of 
the kidneys, which are already present, and have ducts opening 
into the hinder end of the mesenteron (Figs, 69, Ka, and 74, KP, 
Xa), ehortly before the time of batching of the tadpole. 

‘The development of the several regions of the alii 
canal, nn the structnres arising in connection with them, will 
now be described in more detail, with the exception of the gill- 
clefts and gills, which form the subject of the next section of 
this chapter, 


2, Tho Lips. 

‘The mouth of the tadpole is very small compared with that 
of the frog (of. Figs. 83 and 86, p. 193). Tt is surrounded by 
prominent frill-like lips, which form a short conical proboscis * 
(Pigs, 88 and 85, 11, Lf). The inner surfaces of the lips bear 
rows of minute teeth, and at the bottom of the funnel, sepn- 
rating the proboscis, or Iabial cavity, from the buccal cavity, is 
the beak, formed by the two powerful horny jaws (Fig. 65, 1). 

‘There are two lips, upper and lower, which are continnons 
with each other nt the angles of the mouth, so as to completely 
surround the opening. The upper lip (Figs. 65 and 83, 41) 
is a creacontic fold of integument bounding the labial cayity in 
front; it is smaller and less mobile than the lower lip, and 
bears along its free edge a vow of minute horny teeth. The 
lower lip (Figs. 65 and 83, 1.) is both longer and deeper than 
the upper; it; is al 
separated behind by « well-marked transverse groove from the 
under surface of the head, and is produced at its free edge into 
a series of emall fleshy papilla. These papillm, whieh are pro- 
bably tactile in fanction, are more numerous st the angles of 
the mouth, where thoy are arranged in groups. 

‘The inner surfices of the lips, between their frve edges aud 
the beak, bear transverse ridges or folds, which support along 
their erests comb-like rows of minute black horny teeth. Of 
these rows, the upper lip, in addition to the row round the 
margin already montioned, has three incomplete rows, interrapted 
in the middle by a considerable interval. The lower lip bears 
four similar but complete rows of teeth, 

Each of these teeth is formed by modification of a single 
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el at sols cabelee Ge 

replaced by other similar ones formed beneath 

is in fact the top member of a column of 

cells, imbedded in the general 

the lip. In each column the deepest celhe ore 
ithelial cells, scarcely distinguishable from those in 


Each tooth is thus formed by cornification of a single epi~ 
thelial cell, which commences its carcer in the deeper layer of the 


epidermis, at the base of the colamn, and gradually approaches 
the surface through loss of the teeth above it, acquiring, as it 
dove 80, the characters of the fully formed tooth, On reaching 
the surface it comes into functional use for a time, and then in 
fits turn becomes rubbed off and lost. 


5. The Beak. 

‘The beak consists of the two jaws, upper and lower, and is 
in shape not unlike that of a bird or turtle (Figs. 65 ond 71). 
Each jaw is a strong, curved band of cornified epithelium, sup- 
ported at its base by the labial cartilages (Fig, 90, Lv, LL), and 
ending at its free surface ina sharp biting edge. The upper or 
aa jaw (Pig. 65) is longor and less sharply curved; the 

Tower or mandibular jaw, which bites behind the upper jaw, is 
shorter, stronger, and almost horso-shoe shaped in outline. 

‘The minute structur of the two jaws is the same, euch con- 
sisting of modified epithelial celle, The cutting edge of the jawe 
is formed by a row of horny teeth, very similar to those of the 
abil rows, but placed so cloxely wide hy side us to form a eon 
‘Hpuous blade, Each of these teeth is, asin the case of the labial 
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teeth, the uppermost: of a column of cells, tlie more deeply placed 
members of which are indifferent epithelial cells, but which as 
they approach the surface become first fattened, then eupped, and 
finally hollow cones fitting into one another. As in the labial 
tooth, the hurdness ix due to cornification of the cells, invading 
first the outer surface and ultimately the entire cell. As the 
biting edge of the jaw gots worn away by nse, it is constantly 
renewed by the more deeply placed cells. 

‘The rest of the jaw consists of a dense moss of flattened and: 
cornified epithelial cells, He beens heal ne 
which, like the cells of the cutting edge, are renewed from 
indifferent epithelial cells of the deeper layers. Tose deeper 
layer vascular papille of the dermis project, increasing the 
extent of the nutritive surface of the jaw, 

At the metamorphosis the horny jaws are cast off, and lost. 


4. The Pharynx. 

‘The characteristic feature of the pharynx, both in the tadpole 
and in the adult frog, is ita great width from side to side (0f. 
Figs. 74 and 68); ond this is acquired, as already deseribed, at 
a very early deyelopmes stage. In horizontal section the 


pharynx of the tadpole is somewhat lonenge-shaped (Fig. 74), 
narrowing rather gradually in front to open into the buccal 


cavity, and ‘much ese ler behind, where it passes back 


grows rapidly and ‘soon attains its adult shape and proportions 
Gig. 89, 1). 


4. The Thyroid Body. 
About the time of hatching of the tadpole, or a little earlier, 


f 
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dition Insts for o little time after the opening of the mouth ; and 
thon, in tadpoles of about 10) mm. length, tho lumen is gradu- 
ally re-established, though it is for a time exceedingly narrow. 

This blocking up of the esophagus, which prevents any food 
getting into the digestive part of the alimentary canal until some 
little time after the mouth opening is established, is curious 
dovelopmental feature; it occurs also in the chick and in many 
other Vertebrates, but ite meaning has not yet been explained 
satiefactorily. 

7. The Lungs. 

The lungs arise ag a pair of ponch-like diverticula of the 
side walls of the cesophagna, shortly before the hatching of the 
tadpole; they are at first exceedingly small, and have 
pigmented walls, After hatching, the lings increase slowly in 
size, growing backwards along the sides of the msophagus; in 
9 mm. tadpoles, at the time when the «esophagus is solid, the 
lungs are present a3 a pair of lateral outgrowths immediately 
behind the esophageal plug (Fig. 64, 10), but sometimes arising 
from the solid part itself, After the re-opening of the axophagas, 
the part of the ventral wall from which the lnng sacs arise be- 
comes depressed to form the laryngeal chamber: the mouth of 
the depressed portion narrows to form the glottis, and the lungs 
thomselyes rapidly inerense in size, 

tn 12 mm. tadpoles, i in which the hind limbs are just ap- 
pearing (Figs. 65.and 75), the glottis is a narrow «lit-like opening, 
guarded in front by a well-developed epiglottis, and leading into 
a lange laryngeal chamber (Pig. 05, 1.¢), from which the two lungs ” 
arise; these Intter are thin-walled vascular sacs (Fig. 76, LG), 
Setiatie cae cauck $01 tia «ler end of the body cavity, lying 


lopment as outgrowths of the caso- 
phagus, it follows that the lungs are lined by an epithelium 
which is of hypoblastic origin ; the connective tissue and vascular 
elements of the lang wall are, like those of other parts of the 
body, mesoblastic. 
8. The Liver. 
About the time of first appearance of the nervous system, the: 
yolk-mase becomes marked off in front by a deep, backwardly 
projecting depression (Fig. 60, L), from the thin-walled anterior 
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region of the mesenteron, This depression becomes still more 
marked im the later stages (Fig. 60, ¥); and from its anterior 
wall the liver is developed. 





Fra. 71 —Horizontal section of tho head nnd boily of a 12 men, Tallpole ; 
drawn from the dorsal surface. 
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‘This anterior wall becomes early invested by mesoblast on 
‘its onter surface, and in this mesoblast numerous blood-ressels 
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of laxge size are developed. ‘The wall now becomes thrown into 
folds G4, Ww); the blood-vessels following in between the 
ers « continuation of this process, accompanied by the 
formation of outgrowths from the hypoblast cells, and ingrowth 
of the blood-vessels, the liver rapidly increases in size and acquires 
the structure shown in Fig. 71,w; consisting of o trabecular 
framework of solid rods of hypoblast calls, tha meshes of the 
framework being occupied by the hepatic blood-vessels, As the 
liver attains definite shape and increased size, it separates more 
distinctly from the intestine, remaining, however, connected 
with this by the bile-duct, which is formed by lengthening out 
of the original diverticulum from the mesenteron, ‘Ihe gall- 
bladder ie 6 lateral outgrowth from the bile-duet; it develops 
at an early period (Fig. 64, wo), and is of large size during the 
whole of tadpole life (Fig. 71, we). 


9, The Pancreas. - 

The pancreas develops as a pair of hollow outgrowths from 
the mesenteron, behind the liver. In the later stages (Fig. 71. 
PA), the ducts shift so as to open into the bile-dnct instend of, a= 


at first, diroctly into the intestine. 

‘The secreting cells of the pancreas, like those of the liver, are 
of hypoblastic origin, 
10, The Bladder. 

‘The bladder is absent during the greater part of the tadpole 
period ; but shortly before ae metamorphosis ip arises os 1 


ame given to an extension of the hinder 
ito the base of the tail, which appears 
as this latter is developed. 

‘The mode of formation of the neurenteric canal as a tubular 
communication between the hinder end of the neural canal and 
the mesonteron has already been described (of: Fig. 61, sx). As 
the tail longthens, the notochord and spinal cord grow back~ 
wards with it, and the neurenteric canal becomes drawn out into 
the post-anal gut. This is an evancscont structure, disappearing 
completely nt a very carly stage: at the time of hatching of 
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the side walls of the pharynx (Fig. 74, tM, mC), which grow 
outwards towards the exterior. They appear first at a very 
early stage, while the blastopore i still open (Fig. 60), and even 


Horizontal section of a Tndpole at tho time of batehing. > 40. 
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Defore the closure of the neural canal is completed ; they develop 
rapidly, reaching the external epiblast, and fusing with it, at am 


early stage. 





momnner which has already been described in the section dealing 
with the development of the ear (p. 143). 


2. The Gills. 

There are two sets of gills in the tadpole, external and 
internal respectively ; the former being branching processes pro- 
jecting outwards from the first three beanchial arches on ench 
side, while the internal gills are formed later as vascular tufts 
on the sides of all four branchial arches. ‘Ihe two sete of gills 
differ in some important respects, and it is genorally considered 


that they are independent series of structures, 


‘Tho external gills upper shortly before the tine of hatching, 
as tio pairs of small, backwardly directed processes from the first, 
and second branchial arches. ‘They are nt first somewhat conical 
in shape, with rounded or very slightly notched borders: the 
gill of the first arch overlaps that of the second arch, and is 
placed rather more ventrally than this latter. 

By the time of hatching (Figs. 72 and 73, #r.a, fea), the 
external gills bave increased in size, The first one is notched 

border into three blunt lobes; and the 
or three similar ones, 

Tn the succeeding stages the external gills grow ae and 
the lobes into which they are divided become larger and more 
numerous, A third external gill appears on the third branchial 
arch of each side (Figs. 73, 74): it is very small, and is overlapped 
and almost concealed by the two anterior gills. 

The external gills attain their maximum development about 
the time of opening of the mouth, At this stage (Pigs. 44, 5, 
and 77), they form much-branched plumose tufts, exceeding 
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open to the exterior. Almost directly after the opening out 
of the gill-clefts, the internal gills begin to form, ae a series 
of small papillw slong their margins, ventral to the external 
gills: the tadpole now begins to breathe in the typical fish-like 
manner, taking in water ab its mouth, and passing ib throngh 
the gill-clefts, and so over the internal gills, into the opercular 
cavity, from which it escapes by the opercular pont. 
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3. The Thymus, 

‘The thymus arises in tadpoles of about 8 mm. 
shortly after hatching, as a pair of 
wall of the pharynx, opposite the 
branchial clefts. Soon after the opening of 
‘buds separate from the epithelium az a pair 
bodies, formed of deeply.staining epithelial cells, lie 
imbedded in the roof of the month, below the anterior ends of 
the anditory vesicles, and between the ganglia of the 
glosso-pharyngeal nerves. 

Tn each thymus a distinction early appears between an outer 
cortical layer of small deeply pigmented cells, and o 
modullary portion consisting of large pale granular cells, Ata 
later stage the distinction becomes less evident, owing to the 
cortical cells extending inwards through all parts of the 


carried buckwards by the rotation of this cartilage which accom- 
panies the widening of the mouth nt the time of the metamor- 
phosis, The thymus is larger in the tadpole than in the frog, 


and undergoes degenerative changes after the metamorphosis. 
Tn the frog it lies behind the ear and the tympanic membrane, 
and slightly ventral to these, 

Buds similar to those from which the thymus is formed are 
developed opposite tho dorsal ends of the hyomandibular clefts, 
simultaneously with the thymus buds; and at a slightly later 
stage opposite the second and third branchial clefts nx well. 
‘These all disappear befure the metamorphosis and take no part 
in the formation of the adult thymus, 


4, The Post-branchial Bodies, 7 

A pair of small diverticula of the floor of the pharymx arise, 
in tadpoles of about § mm, length, behind the last gill-clefts, 
and nt the sides of the glottis, These soon separate from 
the epithelium as a yuir of small vesicular bodies, lined by 
cylindrical epithelium ; they disappear shortly after the metamor= 
phosis. It is possible that they represent, in a modified form, a 
fifth pair of branchial clofte, 
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From the gills the blood, now atrated, passes 
branchial vessels (Fig. 76, FF). ‘These lie 


oP 
fe, mbont the time 


i 


alongside the afferent branchial vessels, and just in front of them, 


‘but do not communicate with them except through the capillary 
loops of the gills. 





Font, while’ ite: 
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The heart remains attached at its hinder end to the liver, 
and in front to the floor of the pharynx; bat along the rest of 
its longth it becomes free, and increating rapidly in length 
Decomes: twisted on iteolf in a letter shape: At the same 
tima, constrictions appear, partially dividing the cavity into 
chambers, the first loop of the § forming the auricular, the 
second the ventricular portion of the heart ; while the posterior 
and anterior limbs become the sinus venosns and trancus 
arteriosus respectively (Fig. 64), 

At the time of opening of the month the heart is stil more 
markedly twisted on itself, and the successive chambers more 
sharply separated from one another: and a Tittle Tater a septom 
grows down from the dorsal wall of the auricle, dividing its 
cavity into a small left auricle and a much larger right auricle. 

The condition of the heart in tadpoles of 12 mm, length is 
shown from tho right side in Fig. 76, p. 166; in sagittal section 
in Mg. 65, p. 121; and in horizontal section in Fig. 71, p. 155. 
‘The sinus venosus, or proxinml division of the heart, is a wide 
transverse vessel Cig. 71, xs), which runs across the hinder and 
dorsal part: of the cavity, and receives the blood retarn= 
ing from the body gon 

‘The sinus " in front by a large round median 

. a] je (Figs. 65 and 71, ra). From the 
auricle the through a narrow aurienlo-ventricular 
aperture (Fi ntricle, which receives also the 
blood from ot The cavity of | the ventricle 
is much subdivided by 
inwarde from ite «75, RY), branch and unite to 
form a kind of spongework, r 
blood corpnscles, 

From the vents 


bifurcates into right and lett branches; of these, the proximal 
part, which becomes the pylangium of the adult, is partially 
subdivided bys longitudinal fold, which runs along ite interior 
in @ somewhat spiral course. Ib is dificult to imagine that 
these valves can play any part in directing the blood into one 
pair of afferent branchial vessels rather than another; bnt it is 
significant that they should appear just at the time when the 
' 
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spuces along the roof of the pharynx, which by opening into 
one another form a pair of longitudinal vessels ; thes soon 
extend backwards along the body, but remain for some time 
distinct from each other, 

Tn the four branchial arches, blood-yessels ure formed on a 
definite plan. In the first and second branchial arches these 
vessels appenr immedintely after the dorsal sort, and are well 
established at the time of hatching ; inthe third and fourth bran- 








Fre. 4 diagrammatic transverse section through the head of a 7 mi, 
Twipole, seen from behind ; the section is taken just behind the auditory 
‘rosicles, and through the first bmunchial arch on ench ide. On the 
right side both the afferont and etterunt vessels of this arch are shown: 
‘on the left sine the greater part of the afferent vessel has becu removed 
in ander to expose the efferent vere] moro thorvaghly, 50. 





chial arches they arise in a similar manner, but at a somewhat 

fi later stage. In the hyoid and mondibular arches, vessels com- 

parable to those of the branchial arches appear at an early stage : 

these, however, never quite conform to the type seen in the 
branchial arches, and early undergo degenerative changes. 

a, The vessels of the first branchial arch may conveniently 


| 
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be taken as typical of the series, ‘The vessels proper to the 
arch are derived from four factors; (i) an efferent lacunar 
vessel, which appears in the mesoblast opposite the base of the 
external gill, and may be recognised in tadpoles some little 
time before hatching; (ii) un efferent diverticulum from the 
dorsal aorta ; an afferent divertionlum from the truncus 
arteriosus; (iv) on afferent lacunar vessel, which lies opposite 
the base of the external gill, immediately behind the efferent 
Tacunar vessel. 

‘These four vessels appear in the order given above; they 
are at first quite independent of one another ; and, for some tine 
after their first appearance, the lacunar vessels, afferent and 
efforont, have no connection with any other vessels, 

‘The efferent lacunar vessel grows rapidly; it extends 
dorsally until it meets with, and opens into, the efferent diver- 
ticulum from the norta; and it extends ventrally towards, but 
not to meet, the truncus arteriosus, Tt is widest, in the middle 
part of its course, opposite the external gill; and here it becomes 
connected with the afferent lacunar vessel by capillary loops in 
the substance of the gill, This is the condition reached at the 
time of hatching. 

Shortly after this, the afferont lacunar vessel and the 
diverticulum from the tmmens arteriosas grow towanls each 
other and unite, The circulation in the gill is now definitely 

gs. 7 and 78); the blood passes from the heart 
to the trancus a reriosne, RT, and from this along the afferent: 
diverticulum and the afferent Iacunar vossel, which now form 
one continuous afferent branchial vessel, AF, to the gill loops, in 
which if becomes afrated; from the gill loops it passes along 
the efferent lacunar veasel and efferent diverticulum, which 
form a continuous efferent branchial vessel, E.1, to the dorsal 
aorta. 

As the ‘external gill increases in sizo, and becomes fimbri- 
ated or lobed at its margin, the al capillary loops become 
lengthened ont, and additional ones are developed; but the 
afferent and efferent vessels remain connected 
alone, and it is only by passing through the gill capillaries that: 
blood can get from the heart to the aorta. 

‘At @ later period of todpole life, shortly after the mouth 
opening is established, the internal gills are developed on #! 
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afferent. and eflerent vessels, close to the traneus arteriostis, 
(Fig. 80). The precise mode in which the communication is 
established will be described in the section dealing with the 
dovolopment of the carotid gland (p. 181). As the communi- 
cation is ventral to the gills, both external and internal, any 
blood which passes acroas it will get from the heart direct to the 
aorta, without passing through any part of the gill eireu- 
lation, i.e. without being atrated; and the efficiency of the 
gill respiration will consequently be impaired in direct propor- 
tion to the amount of blood which takes this short eut in 
preference to the circuitous route through the gill capillaries. 

‘The subsequent changes in the vessels of the first branchial 
arch may conveniently be considered after the vessels of the 
other arches have been described. 

'b. The vessels of the sccond branchial arch (Iigs. 77, 78, 
and 80, ar.2, £V.2) develop in exactly the same way aa those of 
the first branchial arch, and almost simultaneously with these. 

¢. The vessels of the third branchial arch (Figs. 77, 78, and 
80, Avs, #3) are formed rather Inter. ‘They are of smaller size 
than those of the first and second branchial arches, but in other 

ilar to these. ‘The external gill, and the vessels 
supplying it, are considerably smaller than those of the two 
arches in front. 

a The vessels of the fourth branchial arch (I'igs. 77, 78, 

arise still later, but in essentially the same 

no external gill is formed on this arch. 

established before the mouth opening 

appears. From the dorsal end of the efferent veesel of this arch 
¥ 2 a3 a diverticulum which grows 

of the lung (ef: Fig. 76, p. 166). 


(cf. Big. 38), os the only blood that con at this 
stage reach the Iung is blood from the dorsal aorta, and not blood 
from the heart; in other words, the lung in the early stages of 
its development receives arterial and not venous blood. 

‘The afferent vessels of the fourth branchial arch develop 
very late; ard the afferent diverticulum from the trumcus 
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arch, ‘Lhe arrangement and mode of soenie ee 
which are actually present in the hyoid _agreo 80 closely: 
with those seen in the vessels of the branchial arches as to 
strongly suggest that frogs must be descended from ancestors 
in which gills were present on the hyoid arch as well as on the 
branchial arches. 

£, The vessels of the mandibular arch. ‘I'iese appear later 
than the vessels of the hyoid arch, and depart even more markedly 
from the typical branchial arrangement, 

Up to the time of hatching there are no vessels at all in the 
nuindibular arch. Shortly after hatehing there appenrs in the 
lower or ventral part of the arch a lacunar vessel, which lies 
parallel to and in front of the similar veasel in the hyoid arch, 
and, like this, opens into the vonous sinuses above the sucker; ib 
may be spoken of as the mandibular vein. ‘There is also present 
n very small diverticulum from the dorsal aorta, 

A little later (Fig. 78), both these factors have grown con= 
siderably. The mandibular vein, va, has extended dorsalwards, 
and the aortic diverticulum, mM, ventralwards; and the two 
vessela are now continuous with each other. Shortly after the 
mouth opens, the two again separate; the mandibular vein 
gradually shrinks up, as the sucker degenerates, and the aortic 
diverticulum grows forwards as the pharyngeal artery of the 
adult (Big. 80, ay). 

account it appears that the vessels of the 
atill referable to the type of the 
1 more modified than those of the 
hyoid arch; the afer u 
from the truncus 


For 6 some time | before the | tamorphosis the ee rental 
jungs as well as by gills, though the main part of the respiratory 
work is performed by the latter. 

The condition of the blood-veswls during this period of 
double respiration is as follows, The mandibular and hyoid 
veswls may be omitted, as, althongh these are formed on the 
type of the branchial veasela, they have no connection with the 
heart, and no gills are developed in relation with them. 

Gills are present on all four branchial arches, and the 


= * 





THE BRANCHIAL BLOOD-VESSELS. NT 


it of the vessels ia practically the same in all. In 
each arch (Fig. 80) there are two main vessels, afferent and 
efferent, w! Orem diaegndye erie er ers OF these, 
the afferent vessel is a branch of the troncus arteriosus, and lies 
in the posterior part of the arch; while the elforent yessel 
lies immediately in front of the afferent, and opens at ite 
So Sate ‘The afferent vessel is confined to 
the ventral half of the arch; while the efferent extends along 
its whole length, its ventral termination lying in the floor of 
tho mouth, close to the origin of the afferent vessel from the 
trancns arteriosus, 

‘The afferent and efferent veezels of each arch ars connected 
together in two ways: (i) by the capillary loops of the gills, 
of which the most dorsally placed belong to the external gill, 
and the ventral pories to the internal gills ; Gi) by each afferent 
vossel opening directly into the corresponding efferent vessel, 
dis'couetaniestioa (Fes 80) being ventral to the gills, and of 
very small size. This direct connection between the afferent 
and efferent vecsels is present in all four branchial arches, though 
its position and relations are not easy to determine, ‘The blood 
entering an afferent vessel from the heart has thus two courses 
open to it: it may either continue along the afferent vessel, 
and pass through the gill capillaries to the efferent vessel, and 
60 reach the aorta; or it may pase across at once, through tho 
‘aperture of communication, to the efferent vessel, and reach 
the sorta without having passed through the gills, 

At the commencement of the metamorphosis these direct 
communications enlarge, so that an increasing quantity leg 
passes from the heart to the aorta without going through th 
gills, ‘The gills thus roceive les and less blood, and manele 
iminish in size and in officiency. Inerensed work is thereby 
thrown on the Inngs; and an increasing supply of blood is 
sent’ to the lungs and skin by enlargement of the pulmonary 
and cutantous arteries, which are branches of the efferent vessel 
of the fourth branchial arch (Fig. 80), close to its dorsal end. 

‘By further enlargement of the direct communications 
‘between the afferent and efferont vessels, the definite aortic 
arches are formed, leading directly from the henrt to the aorta; 
each aortic arch (cf. Figs. 80 and 81) consisting of the basal or 
proximal end of the afferent branchial yessel, and the whole 

N 
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length of the efferent veasol ; while very neatly the whole length 
of the afferent vessel, and all the gill capillaries, disappear 


completely. 

Very slight changes will now convert the branchial system 
of the tadpole to the aortic system of the adult frog. Of the 
four aortic arches, the first, in the first branchial arch, becomes 
the carotid arch of the frog (Fig. 81,1). ‘The portion of thn 
dorsal aorta between tho points of oponing of the first and 
second nortic arches remains an open tubular vessel for some 
timo, and may even retain its lamen in the adult. More usually, 
howevar, the cavity becomes obliterated, and the walle of the 


i ted band, connecting the dorsal 
stemic arches with ench other. After 
a aorta, the blood in the carotid 
fe i hend. 
The second no seoond branchial arch’ of the 
tadpole, becomes +! 
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The fourth aortic arch, in the fourth branchial atch of the 
tadpole, becomes the pulme-cutaneous arch of the frog. It 
retains its communication with the aorta for some time after the 
dorsal part of the third arch has atrophied ; but before the end 
of the firet year, the part of the fourth arch aboye the origin of 
the cutaneous artery loses its cavity and becomes solid, so that 
the pulmo-cutaneous arch no longer opens into the aorta. 

The condition of the aortic arches is now that of the adult 
frog (Fig. 81). 

Before leaving the branchial cironlation, it should be noticed 
that in other gpeciea of frogs the development of the blood- 
vessels differs in some important respects from that described 
above for the common English frog, , Rana temporaria. Tn Rana 
esculenta, to Maurer, the efferent lacunar vessel of 
each arch becomes connected at its ventral end with the trancus 
arteriosus, and ati its dorsal ond with the aorta, before the afferent 
branchial vessel is formed ; 20 that in this species of frog there 
ix a stage, prior to the formation of the gills, in which thers ix 
a direct passage from the heurt to the aorta, As the gills appear, 
the afferent gill-vesse! arises as an outgrowth from the ventral 
end of the efferent vessel, with which it becomes connected, more 
dorsally, through the gill-capillaries. During the time that the 
tadpole is breathing by gille, the direct connection between the 
ventral ends of the afferent vessel and the efferent veseel is lost, 
but it is re-established at the time of the metamorphosis, after 
which time the further changes are the same as in Rana tempo- 
raria. A similar mode of development has been observed as an 
exceptional occurrence in Rana temporaria itself, and there are 
reasons for thinking that this plan of development, in which 
there is, from the first, direct connection between the heart 
and the aorta, through the aortic arches, and in which the whole 
gill circulation is secondarily derived from this condition, is 
more primitive than the mode of development usually seen in 
‘Rana temporaria, ‘his moro primitive typo of larval vessels is 
oxlainpe to the condition obtaining throughout life in the 

‘branchial blood-vessels of Amphioxns. 


4, The Dorsal Aorta and its Branches. 
‘There are at first two aorte, one on either side of the body. 


‘These appear, a5 described above, as o number of isolated 
x4 
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Jucunar spaces in the roof of the pharynx, which run together 
to form a pair of continuous vessels. ‘These are widest apart 
‘opposite the first branchial arches (Fig. 77, 4); further back, 
behind the pharyngeal region, they lie close alongside each other, 
and soon fuse to form the definite dorsal aorta, 

a. The arteries of the head are derived from the anterior ends 
of the dorsal aorte. 

‘The carotid arteries (Fig. 78, ac), which are the direcb con- 
tinuations forwards of the dorsal norte, become early connected 
by two transyerme yeusols, tho anterior and posterior commissural 
vessels (Fig. 77, CA, CP), which, with the carotid arteries them- 
selves, form an arterial circle surrounding the infundibulum. In 
front of the anterior commissural vessel the carotid arteries are 
continued forwards as the anterior cerebral arteries (Figs. 78 
and 80, an). 

‘The basilar arteries (Figs, 78 and 80, an), appear shortly 
before the mouth opens, as a pair of vessels which arise from the 
outer ends of the posterior commissaral vessel, and ran backwards 
along the ventral surface of the brain and spinal cord, not far 
from the median plane. 

r palatine arteries (Wigs, 78 and 80, Ar) arise as 
tid arteries, just before these enter the 


80, a¥) is formed, as already: 
efferent vessel of the man~ 


lingual 

Tt appears shortly 

about 9 mm. length 

short yossel, lying in the floor of the mouth immediately in front 
of the truncus . the middle of its course it presents 
a swollen bulb-like dilatation, from which arise :—(i) an anterior 
branch, the lingual artery proper, which runs forwards a short 
distance, giving off » small thyroid artery to the thyroid body ; 
and (ii) a posterior branch, which runs a short distance outwards 
and backwards towards the ventral end of the efferent branchial 
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vessel of the first branchial arch, #¥.1, but does not quite meet 
this. Af this stage, therefore, the lingual artery is a closed 
vessel, having no communication with any other blood-vessel. 

Slightly later, in tadpoles of about 12 mua, length, the pos- 
terior end of the lingual artery and the ventral end of the first 
efferent branchial vessel become directly continuous with each 
other (Pig. 80), The bulb-like swelling is still present, and it 
is immediately dorsal to this that the direct connection between 
the afferent and efferent branchial vessels is effected, as described 
above. The anterior end of the lingual artery has by this time 
grown forwards considerably (Fig. 80), extending to the lower 
jaw and lower lip. 

‘The lingual artery thus arises in the floor of the mouth in- 
dependently of any other vessel, but soon acquires connection 
with the ventral end of tho first efferent branchial vessel, of 
which in the later stages it appears to be a direct continuation. 

'b. The carotid gland of the frog is formed by elaboration of 
the direct, passage between the afferent and efferent vessels of 
the first branchial arch. At 12 mm., as just noticed, the linguanl 
artery and the first effcrent branchial vessel ars continuous; the 
lingual artery has at its baso (Fig, 80) a small bulb-like swelling, 
0G, and immediately dorsal to this ewelling tho afferent and 
efferent branchial vessels are in direct communication with each 
other. This direct passage ix at present a single, and a narrow 
one; it traverses a small plate of epithelial cells, which is budded 
off from the epithelium of the first branchial cleft, and wedged 
in between the afferent and efferent vessels. 

Tn the later stages of development this pageags becomes 
plexiform, there being now three or four openings into the 
afferent vessel, and about the same number into the efferent 
vessel, one or more of the latter leading directly into the bulb- 
like swelling at the base of the lingual artery. 

‘This plexiform commanication forms the carotid gland; the 
history of ite formation ehows that it is not to be regarded as 
A persistent or modified part of a gill, as was formerly held to 
‘be the case, but that it is a specially acquired structure, formed 
by elaboration of the direct passage between the afferent and 
cffsrent branchial vessels, a passage which is present in a simpler 
form in the hinder arches as well, 

Solid epithelial plates, of a similar character to that in which 
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the carotid gland is formed, aro developed, at a slightly Inter 
stage, between the ventral ends of the afferent and efferent 
vessels of the second and third branchial urches, and perhaps 
in the fourth arch as well; and it is hy perforation of these 
plates that the direct communications between the afferent and 
efferent vessels are established. After the metamorphosis the 
epithelial plates persist, and evon increase in size, forming solid 
epithelial bodies, lying in tho floor of the month, in the ungles 
between the carotid and systemic, and systemic and pulmo- 
cutaneous arches respectively, They acquire connective tissue 
capsules, and have been spoken of as accessory thyroid bodies. 

c, The hinder part of the dorsal aorta, ‘he union of the two 
aort to form the definite dorsal sorta occurs almost immediately 
behind the pharyngeal region (Fig. 77). 

At, or close to, their point of union each sorta has, at the 
time of hatching, a small bulging of its ventral wall, Later on, 
these bulgings increase in size and become forming 
& pair of prominent, pigmented, thick-walled swellings, the glo- 
meruli of the ted Bidoeye as 2 77 ond 78, am), which hang 

@ dorsal body cavity, lying opposite the 
a their entire length, 
it, the glomeruli keep pace with 


‘unctional (cf, Figs. 85, S4, and 
n the head kidneys begin to 

come smallor, ‘They are still 
up to the end of the first 

in the second year, Certain 
the glomeroli will be noted 


described above, shortly 

7, 78, AP), 48 diverticula from: 

vessels of the fourth branchial 

the afferent vessel of this arch 

with the trancus arteriosus is, quired until seine time after 

the mouth opening is established, there is a considerable period 

during which the supply of blood to the lungs is derived from 

the aorta and not from tho heart, io, is arterial and not venous; 

a condition which suggests that the langs had originally come 
function other than respiration to fulfil. 
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‘The cutaneous artery (Fig. 80), av) is a branch of the fourth 
‘efferent vessel, which arises very close to the pulmonary artery, 
but independently of this, and at a rather later stage. 


5. The Veins, 

‘The veins, in the earlier Stages of their development, ure 
chiefly characterised by their large size, und irregular lacunar 
character, 


a, The vitelline veins are the first veins to be formed in the 

body. They appear as irregular lacunw in the mesoblast of the 

along the sides of the yolk-mass and of the liver 

diverticulum, and unite in front to form the sinus venosus or 

most posterior part of the heart; they carry to the heart the 
food matter absorbed from the yolk-mass, 

About, or chortly after, the time of batching, the liver diver- 
ticulum becomes more definitely bounded, and the vitelline and 
hepatic veine become distinct from one another; later still, by 
folding of the wall of the hapatic diverticulum, the hepatic veins 
are carried deoply into the substance of the liver (Figs. 64 and 
76), os already described in the section dealing with the deve- 
lopment of the liver (p. 154) 

». The sinus venosus (I'ig. 71, 18) is at first formed merely 
by the union of the vitelline veins, but very early becomes a 
definite transverse vessel, running across the body in close con- 
tact with the anterior wall of the liver, and opening into the 
auricular portion of the heart by a large anterior aperture. 

c. The anterior cardinal veins are paired, and return blood 
from al] parts of the head, except the floor of the mouth. Each 
is formed by the union, behind the ear, of two principal yeins :— 
the jugular vein, which returns blood from the brain and dorsal 
part of the head; and the facial vein, which rons more super- 
ficially along the side of the head, aod aye and ear. 

. The posterior cardinal veins are aleo paired, 
‘end are in special relation with the head dears which they 
completely surround. ‘They are of enormous size during the 
early stages of tadpole life, when the hend kidneys are function- 
ally active, forming vascular networks which occupy the spaces 
Detween the tubules of the head kidneys. Hach posterior car= 
‘dinal vein receives somatic veins from the hinder part of the 
‘body wall, and unites, in front, with the anterior cardinal 
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vein, at the level of the hinder border of the pericardial cavity, 
to form the Cuvierian vein (Tig. 71). ‘The tro Cuvierian veins, 
right and left, run almost vertically downwards to open into the 
outer ends of the einus venosus (Fig. 71). ‘Tho Cnvierian veing 
persist a8 the anterior venw cave of the frog. 
¢, The inferior jugular veins collect the blood from the floor 
of the month, including the large sinuses above the sucker into” 
which the mandibular and hyoidean veins open (Vig. 78): they 
then run back in the side walla of the pericardial cavity, and open 
into the right and left Cuvierian veins respectively, just before 
these reach the sinus venosus, 
£, The posterior vena cava is a large median vein (Fig. 76, 
yi), which develops shortly after the mouth opening ix esta= 
blished ; it is continuous posteriorly with the hinder portions of 
‘the two posterior cardinal veins, which unite together; and, 
further forwards, it runs in a deep groove along tho left side of 
tho liver (Fig. 71, vi), joina with the hepatic veins, and then 
‘opens into the sinus venosus. The blood from the hinder part 
of the body can now return to the heurt either along the posteriar 
cardinal and veins, or else by the posterior vena cava. 
life more and more of the blood: 
the anterior onds of the posterior 
ich in size, and during the meta- 


hind legs and of the bl 3 later stage, the two anterfor 
abdominal veins unite at their ler ends, in front of the 
bladder, while further forwards the vein of the right side disap- 
pears, the left onenlone persisting. Later still, the anteriorabalo~ 
minal vein loses its direct communication with the sinus venosus, 
and acquires @ secondary one with the hepatic portal veins, or 
afferent veins of the liver. 
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pestirinn nid erste fee anes ite Wee EE eee 
turn closes, loses its connection with the peritoneum, and 
disappears. Shortly befors the closure of tho third nephrostome, 
the head kidney separates completely from the coool duct, 
which then ends blindly in front. 

‘The glomerulus of the head kidney (Figu- 83, 84, cM) arises, as 


rows a 19 mm. Twtpoles the section passing 
ie of the length of the ae noe 


described above (p. 182), as a sacculated outgrowth from the 
ventral and outer wull of the aorta, bulging outwards into 
the body cavity opposite the nephrostomes, At the time of 
hatching of the tadpole (Fig. $2) the dorsal portion of the body 
cavity is practically the only part present; for although the 
splitting of the mesoblast extends down the aides of the body to. 
the yentral surface, yet the two layers, somatic and splanchnic, 
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_ Daring the metamorphosis, and shortly 


aie For a short time, a portion of the | 
duct still persists in front of the Wolffian bodys but 


loses ite lamen, undergoes degenerative changes, and. 
‘the remaining, or posterior part of the segmental duct, which is 
now connected with the Wolffian body alone, is from this time 
spoken of ax the Wolffian duct or ureter. 

‘The vesicula seminalis is a glondular boily developed in 
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and function, The tubules of these Maia bodies 

join those of the other parts of the kidney, but open ; 

into the terminal or collecting tubules of the Wolffian body, 0 
that thore is practically n sharp separation of the kidney into two 
portions, excretory and reproductive respectively. 


7. The Fat Bodies. 

‘The fat bodies, which are conspicuous and characteristic 
structures in the adult frog, are formed by fatty degeneration 
the anterior ends of the genital ridges, In tadpoles of 
40 mm. length (Fig. 85) each genital ridge becomes divided 
a slight constriction into two parts of about equal ler 
these, the posterior’ part, ox, forms the smooth 
while the anterior part, ¥, is irregularly notched 
ventral surface, and is already i 
degeneration. 
increase greatly in size, and are produced at their margins into 
iis Bammdesisto finger-like lobes of the adult. 

Histologically, the changes by which the fab body is formed 
are due to the accumulation of fat within cells, which are ab 
first indistinguishable from those of the hinder, or reproductive, 
part of the genital ridge. 


DEVELOPMENT OF THE SKELETON AND 
‘THE TEETH. 


AL, The Vertebral Column, 
‘The earliest skeletal stracture, and for a time the only one, 
is the notochord, tho: dovele ¢ 


from the blastopore to ; 
wands along the tail as formed (Fig. 69, ce). Th conte 
of vacuolated cells, filled with fluid: the cells are all alike, and 
their nuclei, which at first aro conspicuous, disappear in the 
Tater stages. Around the notochord a delicate structureless 
_ elastic sheath is formed at an early period; this is mally 
double, consisting of a thicker inner, and an outer thinner layer ; 
both layers are homogeneous, and cuticular in nature. 
About the time of appearance of the hind limbs as bails, « 
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delicate skeletal tube, at first soft, but soon becoming cartilugi- 
nons, is formed from the mesoblast surrounding the notochord 
(Fig, 84, cn). This grows upwards nt the sides of tho spinal 
cord us a pair of longitudinal ridges, with which a series of 
cartilaginous arches, which appeared at the sides of the spinal 
ee ey » soon become continuous (Figs. 
87, 

By the appearance of transverse lines of demarcation, this 
‘axial skeleton becomes cut up into no series of nine vertebric, 
followed by n posterior unsegmented portion, which later on 
gives rise to the nrostyle. The vertebre are cut off in order, 
from before backwards, and the division at first involves the 
cartilaginous tube alone, the notochord remaining as a continuous 
#tructure until the complete absorption of the tail, ab the end of 
‘the metamorphosis (Fig. 89). 

Shortly before the metamorphosis, thin rings of bono, slightly 
constricted in their middles so as to be hour-glasa shaped in 
section, are developed in the membrane investing the cartila~ 
ginous sheath of the notochord ; these from their first appear 
ance correspond with the nine vertebra, to the bony centra of 
which they give rise. Like the cartilaginous vertebrm, they 
develop in order from beforo backwards, 

In the intervertebral regions, between the successive bony 
rings, annolar thickenings of the cartilaginous sheath occur, 
which grow inwards so as to constrict, and ultimately obliterate 
the notochord. Ench of these intervertebral rings, after the 
motamorphosis, becomes divided into anterior and posterior 
portions, which fuse with the bony contra of tho adjacent 

and ozaify to form their articular enc 

From the cirewmference, and from the articular ends of ench 


portion of the notochord persists in the middle of ench centrum 
for a long time, or even throughout life. 

‘The vertebree do not lie opposite the muscle segments or 
myotomes, but alternate with these; eo that each vertebra is 
acted on by two myotomes on each side, one pulling it forwards, 
and the other backwards. 

‘The transverse processes arise independently of the corre~ 
pining s vertebrae, but very early fuse with these, They extend 

the connective-tissue septa between the successive 
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‘Tho urostyle isthe hindmost part of the axial skeleton, which 
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only a alight tendency to develop processes. and by being 
almost completely devoid of yolle-granules. 


Fra. 90 


é 
86 a Bs BRIBAE DAY 
Fig, 92, 


‘Tadpole, soon from the right wide. The 


vd the entire ead, are represented in outline, tn 
order to show tle relations of the skull to.them. — x 30, 


FIG, 91.—The same skull from the dorsal surface, ‘The lower jaw, and the 
hyoldean and branchial bars are omitted. 30. 
Fie, 92.—The same skall from the ventral surface, x 80. 


BE, pe ara ae root of hoborain, BM, roof af polities, MIC1. 
gto Min ‘au fowith branchial tars “BB, cored 


ee oe et ae a Ae 
SEER ee 
Seniesa ere ear a 


Tatan in tho canay teat = the aeltory egal, inh A pee on 
Mightly ator etngee 3X. clos pecus of vind voute}cl. 


Tn the next stage the cells heeome still more closely eom= 
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inwands to form the tloor of the skal, while their outer edges 
grow upwards, forming low ridges along the sides of the brain 
in the ethmoidal region, in front of the eye, and in the 

region behind the ear. Opposite the eyes, the side walls of the 
cranium are formed by a pair of cartilaginous plates, which appear 
independently, in the membrane at the sides of the brain, and 
soon extend veutralwards fo meet, and fuse with, the trabeculae. 

The side walls and roof of the hinder part of the cranium are 
mainly formed by the auditory capsules. At an early period 
the mesoblast surrounding cach auditory vesicle forms a definite 
capsule around it: in this a thin shell of cartilage is formed, 
first in the outer wall, but soon spreading round to the floor, 
where it becomes continuous with the outer edge of the para- 
chordal cartilage (Figs. 70, 90, 91, ec), ‘This cartilaginous 
auditory capsule spreads more slowly over the doreal surface of 
the auditory vesicle, aud then extends downwards, between the 
brain and the ear, to form the side wall of this part of the 
skull, Later still, in tadpoles of shout 20 mm. length, the 
cartilage of the dorsal borders of the auditory capsules spreads 
inwards across the top of the brain case, and so completes its 
roof in thie region, 

‘The hindmost end, or occipital region of the skall, ia farmed by 
upgrowth of the edges of the purschordal cartilages. This occurs 
very slowly, nnd quite independently of the auditory capsules it 
is not completed until shortly before the metamorphosis, 

In tho outer wall of each auditory capsule, a large oval or 
circular patch remains unchondrified: this is the fenestra ovalia 
(Fig, 90, 5s). Tn the middle of this membranous patch the atapea 
“ier of about 16 mm. length, as a cartilaginons 
nodule (cf: Big. 98, Sa), the farther development af which will 
be considered Inter, 

At the anterior end of the cranium, the nasal or olfactory 
organe become roofed in by cartilage, which arises ag a vertical 
crest from the upper surface of the median internazal plate 
formed by the trabeculw, and spreads out right and left as a 
pair of thin horizontal plates, covering over the olfactory organs, 
and forming the cartilaginous olfactory capsules (Fig. 93, or). 

Tt thus appears that the trabeculw, with their posterior con= 
tinnations, the parachordals, give rise to the floor of the cranium 
along its whole length; they also, by upgrowth of their edges, 
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form tho sides and the roof of the extreme anterior and posterior 
ends of the skull. In the orbital region the side walls of the 
‘skull arise independently, but grow down to, and fuse with, the 
tmbeen|e; while the roof remains membranous. Finally, in 
the auditory region, both the sides and roof are formed ax exten- 
sions of the auditory capsules. 

(ii) The visceral skeleton. This consiste of a seriesof cartila~ 
ginous hoops or bars (Figs. 90, 92), developed in the mandibular, 
the hyoidean, and the four branchial arches, which tend to encircle 
the pharynx. Euch hoop consists of right and left, halves, which 
are independent at their dorsal ends, but fused or closely connected 
ventrally. Like the cranium itself, the visceral slceleton develops 
from before backwards, 

‘The mandibular bar is one of the very earliest parts of the 
sknll to be developed; it may be recognised at the time of 
hatching of the tadpole as a curved band of condensed mesoblast, 
lying transversely across the floor of the month, close to its 
anterior end. ‘The outer ends of the bar are enlanged, and pro- 
daced upwards into vertical processes, which lie at the sides of 
the mouth cavity, and are continuous above with the trabeeule 
eranii at « level between the. nose and eye; a connection which 
aftorwards gives riso to the palato-pterygoid bans, 

After hatching, the mandibular bar grows rapidly, and under= 
goes important changes. It becomes divided on each side into 
‘three parta :—(i) a swall auterior segment, which later on becomes 
the lower labial cartilage, and which is continuous across the 
median plane with its fellow of the opposite side; (ii) a small 
middie: segment, which becomes later the basis of the lower jaw, 
‘or Meckel's cartilage ; and (iii) a hindmost or quadrate segment, 
which is mach the largest of the three, and which is connected 
with the trabeeula by the palato-pterygoid bar mentioned above, 
while from its outer side a dorsally directed, leaf-like, orbital 
process projects upwards. 

On the appearance of cartilage, in tadpoles of about 12 mm. 

the condition of the mandibular bar is as shown in 
Figs. 90, 91, and 92. The hinder part of the bar forms the 
quadrate cartilage, @, a stout horizontal subocular bar, which 
Ties parallel to the trabeoula, but some distanee from this, and 
slong the under and outer surface of the eyeball. ‘The hinder end 
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of the quadrate turns sharply inwands, ak, and is conneeted with 
the trabecula just in front of the ear capsule, £6, Prom the outer 


‘posterior end, turns sharply inwards, to form the pall 

bar, ar, which is fused with the trabeculs, between the nose and 
the eye. The quadrate may thus be described as a horizontal 
bar of cartilage, lying to the outer side of the trabecula, and 
connected with this by two strate, one in front of the eye and 
one behind it, 

‘Phe second segment of the mandibular bar, or Meckel’s 
cartilage, mc, is a short, stout bar of eartilage, which rane 
inwards and forwards across the tloor of the mouth. The thind 
segment, or lower labial cartilage, LL, is a much smaller har at 
the inner end of Meckel’s cartilage, which mects, or is actually 
fored with, its fellow of the other side in the median plane, 

‘The chief further changes that occur in the mandibular bar 
during the later periods of tad pole life (of. Fig. 93) :—arw (i) a pro- 
gressive diminution in size of the orbital process, ao ; and (il) the 
development of an additional counection between the hinder end 
‘of the quadrate and the auditory capsule, by means of an otic 
process (Fig. 93, ar). 

At the time of the metamorphosiz, very considerable and 
important changes take place, which will be described Jater on, 

‘Tho hyoid bar appears directly after the mandibular bar, and 
immediately behind this. At first the right and left bars ans 
separate ventrally, but they soon become connected by a median 
plate. The hyoid bar thickens rapidly, and at 12 mm, (Figs. 
00, 92) forms a broad, somewhat S-shaped plate of cartilage, the 
ceratohyal, Hm, which lies across the floor of the mouth, The 
outer end of the ceratohyal is enlarged, and turned upwards, and 
articulates with the surface of the quadrate abont the 

90, 1@). ‘The inner ends of the two 
ceratohyals are connected, across the Hoor of the mouth, by a 
median basibyal cartilage, 42, the posterior end of which grows 
back ns a keel-like urohyal process (of. Fig. 65, 18), which 
separates the two halves of the thyroid body from each other. 

‘The branchial bars are a series of four pairs of 
rods, developed in the four branchial arches of each side. 
appear in order, from before backwards, as slender curved bands 
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4. The Appendicular Skeleton. 

The.limbs arise about the time of completion of the 
cular fold, and shortly after the opening of the 
tadpoles of about 11 or 12 mm. 

The hind limbs (Fig. 83, Lr) appear ax 
rounded buds from the ventral surfice of the hi 
body wall, at the base of the rectal spout. 

‘The fore limbs (Pig. 84, La) are similar 


tened cells of the general surface of the body. 

‘The limbs at first grow slowly, ‘They gradually elongate, 
become segmented, and then divided distally into fingers and toes 
(Pig. 85, La, Lr). Up to the time of the metamorphosis the 


hind limbs are sinall, while the fore limbs remain concealed 
within the opercular cavity. During the metamorphosis (Fig. 
86), both pairs of limbs grow rapidly, more especially the hind 
limbs. 

‘The skeleton of the limbs, and of the limb-girdles by which 
the limbs are attached to the body, does not assume definite 
form until a short time before the motamorphosie, 

a. The pectoral. girdle ‘develops as two half-rings of eaurti- 
lage, one on each side of the body, which they encircle at the 
level of the second or third vertebra. The dorsal onds of the 
half-rings (Fig. 88, ss) lie superficially to the tranavorse pro 
cesses of the vertebre, rr, and are connected with these by 
wuscles and ligaments; the ventral ends, co, meet each other 
in the median plane. 

Each half-ring has on its outer surface, rather below the 
middle of its longth, a cup-shaped depression, the glenoid 
cavity, Go, with which the head of the humeras, mv, artion- 
lates. ‘The part of the ring above the glenoid cavity is the 
scapular portion, the part below it the coracoid portion. 

‘The seapalar portion is divided, shortly before'the metamor- 
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remains in great part cartilaginous throughout life; bes a 
ventral, more slender, and shaft-like part, the seapula, s¢, roand 
which « ring of bone goon forms. 

‘The coracoid portion is, from the first, split into two diver 
ging processes ; an anterior or pre=coracoid portion, and a pos~ 
terior or coracoid proper. ‘The ventral ends of the coracoid and 
pre-coracoid of each side grow towards each other and meet, 
forming a longitudinal band of cartilage, the epi-coracoid; the 
two epi-coracoids lie in clove contact with each other in the 
median plane, but do not fase. Along the anterior border of 
well es lepine ged eat sen TS 
clavicle, is formed; and around the coracoid cartilage a tubular 
shesth’of bono, the camcoid bone, is developed. There is thus 
at first no traco of a sternum, either a3 4 median or paired 
structure. 

During and after the metamorphosis further changes occur. 
The bones increase in size, especially the scapula and coracoid. 
‘The two opi-coracoid cartilages, in. place of merely meeting in 
the median plane, overlap each other to a certain extent, the 
left epi-coracoid lying doreal to the right one, From the anterior 
ende of the epi-coracoid cartilages a pairof small processes grow 
forwards ; these soon fuse to form the omosternum, which rapidly 
increnses ‘in alse, Bohind the epi-coracoids, and in close contact 
with them, a pair of cartilaginous bands appear, which fuse 
together to form a flat median plate of cartilage ; this gives rise 
in front to the sternum, round which a ring of bone soon forms, 
and behind to the xiphi-sternum, which remains permanently 
cartilaginots. 
= b. The pelvie girdle also consists at first of two halferings of 
cartilage, encireling the hinder part of the trank. ‘The ventral 
ends of the half-rings, which are flattened and expanded, are in 
contact in the median planc, and very carly fuse Grmly together 
to form the pelviesymphysis. ‘The dorsal ends are more slender : 
at first they lie five in the muscles of the bedy wall; Inter on 
they become connected with the transverse processes of the 
ninth or sacral vertebra. 

Each half-ring has on its outer surface, close to its ventral 
end, a depression, the cotyloid or acctabular cavity, for articula~ 
es pithichs oad of the fomur. ‘The part above the acetabulum, 





24 THE FROG, 


which corresponds with the scapular portion of the pectoral 
srirdle, ossifies a2 the ilinm: in the part below the 
the anterior or pubic portion remnins cartilaginous, while the 
posterior portion ossifies as the ischium, 

‘The pelvic girdle is, in its early stages, and until shortly 


FiG, 96.—The skeleton of ¢ , ween from the dorm] surface, The left 
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before the metamorphosis, abont the same length as the pectoral 
girdle; and, like this, lies at right angles to the vertebral 
column. As the hind limbs lengthen, during ond after the 

metamorphosis, the ventral or acetabular end of the girdle moves” 


backwards, so that the flium, which lengthens considerably at 
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This theory of Preformation was vigorously combated by 
Caspar Friedrich Wolff, who in 1759, when only twenty-six 
years old, published as a thesis for the doctor's degree his theory 
of Epigenesis, which offered an entirely new explanation of the. 
mode of development of the chick and other animals. Wolff 
showed conclusively that in the hen’s egg, as laid, there is no 
trace whatever of the embryo, or of any of its parts or organs; 
and that the formation of the embryv does not commence until 
after the egg is laid and incubation has begun. He noted 
further, and described accurately, the manner in which the 
embryo is formed by folding of the germinal layers or 
membranes. 

Wolff was too far ahead of his age, and his conclusions, 
though perfectly sound, did not obtain acceptance until towards 
the middle of the present century, when their correctness was 
demonstrated, not merely for the chick, but for many other 
groups of animals as well, by von Baer, Remak. Bischoff, 
Kalliker, and others. 

Although the chick has thus played a more important part 
in the history of embryology than any other animal, it’ must be 
borne in mind that birds are one of the most highly specialised 
groups of animals, and that their development is, more particu- 
larly in the early stages, very greatly modified. It is practical 
convenience alone that justities the great attention they have 
received. 


2. The Egg. 

‘The hen’s egg is of large size, and ovoid in shape. It con- 
sists (Fig. 97) of a calcareous shell, lined by a fibrous shell 
membrane; and inclosing a quantity of a viscid albuminous 
fluid, the ‘white of the egg,’ ws, in the centre of which lies 
the ‘yolk, ¥, a spherical inass of a yellow colour, rather more 
than an inch in diameter, and inclosed in an elastic vitelline 
inembrane, to which the preservation of its shape is due. 

Of these parts, the yolk is the egg proper; it corresponds 
to the egg of Amphioxus, or of the frog, and from it the embryo 
is developed directly. : 

‘The white of the egg corresponds to the investment of the 
egg of Amphiosus, which swells up so greatly on reaching the 
er, or to the jelly of the frog's spawn. The egg-shell and 
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of the brain vesicles and of tho eyes, Tho limbs are still emall, 
but have increased considerably in size as compared with the 
earlier stages, and already show indications of their division into 
segments (Fig. 115). From the under surface of the tail of the 
embryo a ssccular diverticulum, with thin but very vascular 
walls, arises a3 an outgrowth from the alimentary canal; this 
is the allantois (Fig, 115, TA), a structure which grows very 


Fr@, 101.—The Hen's ne ee of incabation, seen fn 
‘vertical section. crobryo natarally tes with rept ticle Fa 
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rapidly during the succeeding days, and forms the respiratory 
‘ongan of the embryo, 
By the end of the ninth day the embryo has grown consi= 
dlerably, and has attained the shape and proportions shown in Fig. 
101, ‘The body walls are now definitely formed, and rudiments 
of the feathors are already present. ‘The head is still dizpropor- 
tionately large, and the eyes are of enormous size. The beak, 
which was absent in the enrlior stages, has now grown out from the 
feant of the face, and at one» gives the head a characteristic 
‘avian appearance, ‘The neck is Jong and slender. The body ix 
imuch more bulky than before, labgols aniog. to Sha rv ee 


a2 











a a a Cle 








THE CHICK. 


cells, which from the first are nucleated, and are arranged in a 
layer two or three cells deep (Fig. 105, 21). 

Tn this way, shortly before the time of laying of the egg, the 

disc hecomes converted into a cap of cells, spoken of 

as the blastoderm (Fiy. 105). Of these cells the uppermost or 
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rost superficial layer (Fig. 105, £), which was the first to be 
definitely established, constitutes the epiblast; it consists of a 
single layer of cells, and is separated by a very shallow space, 
the blastoce! or segmentation cavity, », which appears in section 
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Fig, 105,—Vertical soctlon of the Siaslotiess eel moe) pape of the yolk 
‘of a Hen's Egg towands the close of segmentation. mos 
to the right, the posterior edge to the loft hand, ‘after a 
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a8 a mere chink or split, from the deeper mass of ‘cells which 
may be spoken of collectively as lower layer cells, zt. 

During the rest of the timo that the ogg atays in the uterus, 
while the egy-shell is forming, the process of segmentation 
continues actively. ‘Tha clefts extend to the edge amo 
disc, which becomes sharply marked off from the yolk beyond it; 
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reticulum and reach the surface of the spinal cord, where some 
leave it to form the roots of the spinal nerves, while others run 
longitudinally along its outer surface to form the layer of white 
matter of the spinal cord. 

From the third, or fourth, to about the tenth day, this 
process of development of neuroblasts and of nerve fibres, pro- 
ceeds rapidly. The neuroblasts become the nerve cells of the 
spinal cord, the first cells to be established being those of the 
ventral cornua: their inner processes disappear, and from the 
bodies of the cells fine branching protoplasmic outgrowths arise 
at a later stage, which anastomose with those of neighbouring 
cells. .As the nerve fibres increase in number, the layer of white 
matter on the surface of the spinal cord necessarily gains in thick- 
ness, and the spinal cord rapidly approaches the shape charac- 
teristic of it in the adult. 

The central cavity of the spinal cord is at first a narrow 
vertical cleft (Fig. 129). The side walls of: the dorsal half of 
this cleft come in contact with each other and fuse, so as to 
obliterate the cavity; the ventral half of the cleft persists 
throughout life as the central canal of the spinal cord. 

Of the two longitudinal fissures of the adult spinal cord, the 
ventral fissure is a median groove left between the ventral 
columns of white matter, as these increase in thickness; it may 
be recognised on the sixth or seventh day. and by the tenth day 
is a conspicuous feature in transverse sections of the spinal cord. 

‘The dorsal fissure is formed in quite different fashion. The 
white matter of the dorsal surface grows down into the spinal 
cord, about the ninth day, as a pair of vertical plates ; these are 
at first separated by a thin median lamina of grey matter ; and 
it is by absorption of this median lamina that the dorsal fissure 
is formed. The absorption is a gradual one, and for some time 
the fissure remains bridged across by slender fibres, derived from 
the grey matter. 


The neurenteric passages. In the fluor of the neural canal, 
at the hinder end of the body, two or three pit-like depressions 
appear in the early stages of development, which, although they 
are usually incomplete, and only rarely open into the mesenteron. 
still appear tu Le homologous with the neurenteric passage in 
Amphioxus or in the frog. 


THE SPINAL CORD, 


‘Three of these depressions have been observed in chick ein~ 
bryos. ‘They oppear in snecession ; the first one shortly befor: 


Fro. 11, Fie, 112, 
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the end of the first day; the second one (Fig. 112, xx) abont 
the middle of the second day; and the third one in the course 
of the third day. 

i 





252 THE CHICK. 


_ They are all three blind pockets, extending somewhat 
obliquely from the floor of the hinder end of the neural tube 
into a fused mass of cells just behind the notochord : this mass 
is really the anterior end of the primitive streak, and therefore 
corresponds to the anterior lip of the blastopore in the frog 
(of. Fig. 60). 


3. The Brain. ’ 


The general history of the development of the brain in the 
chick is very closely similar to that already described in the frog. 

At the commencement of the second day, and before actual 
fosion of the neural folds has taken place at any part of their 
length, the neural canal becomes dilated at its anterior end to 
form the anterior cerebral vesicle or fore-brain (Fig. 111, BF), 
from which the optic vesicles, uo, arise almost at once as lateral 
outgrowths. Immediately behind the fore-brain, and separated 
from it by a slight constriction, is a second and rather smaller 
dilatation, the middle cerebral vesicle or mid-brain, BM. 

The part of the brain behind the mid-brain, about half its 
entire length, is the hind-brain, sH; this consists of a series 
of vesicles, separated by slight constrictions, decreasing in size 
from before backwards, and passing without any limiting 
boundary into the spinal cord posteriorly. ‘The vesicles of the 
hind-brain vary considerably in different specimens; they are 
usually four or five in number, of which the two anterior ones, 
at any rate, appear to possess considerable constancy. Their 
mode of development, and their relations to the nerves and 
other structures, strongly suggest that they are each equivalent 
to a single vesicle, such as the mid-brain. 

By the middle of the second day (Figs. 111 and 112) the 
brain is closed, by fusion of the neural folds, along its entire 
length ; the point where the folds last meet being at the summit 
of the fore-brain, in the position subsequently held by the pineal 
body. 

The walls of the brain are at first of nearly uniform thick- 
ness in all parts; and transverse sections of the brain are 
approximately circular in outline at all parts of its length. 

In the following account the several parts of the brain will 
be considered in order from behind forwards, and the leading 
points in their development described. 


a 
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‘The medulla oblongata is formed from the hind+brain, the 
central canal of this part of the brain becoming the fourth 
ventricle of the adult, \ 


¥iG,113-—A Chick Embryo at the ond of the 
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‘The walls of the medulia oblongata ars at first of nearly 
equal thickness all round; but before the end of the second day 
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borne in mind that this is the condition in which it remains 
throughout life in the frog, and in many fish. 


The mid-brain undergoes comparatively slight changes. Up 
to the end of the fourth day it is approximately spherical in 
shape; and, owing to its great size and the position which, 
through cranial flexure. it occupies at the apex of the head, it, 
plays a prominent part in determining the shape of the embryo 
Figs. 118 and 115, Bx). 

On the fifth day, the optic lobes begin to grow out as a pair 
of rounded swellings from the roof of the mid-brain, separated by 
a median longitudinal groove. These steadily increase in size 
during the following days ; up to the sixteenth day they remain 
in close contact with each other, but during the last few days of 
incubation they become pushed apart by the forward growth of 
the cerebellum, and take up the position at the sides of the brain 
characteristic of the optic lobes in the adult bird. 

The floor of the mid-brain, and the sides, ventral to the 
optic lobes, become greatly thickened by the formation of the 
crura cerebri. The cavity of the mid-brain becomes greatly 
reduced by this thickening of its floor and sides, and forms the 
Sylvian aqueduct of the adult. 


"The thalamencephalon’ is formed from the original anterior 
cerebral vesicle, or fore-brain (Fig. 111, BF). 

The roof and floor of the thalamencepbalon remain thin 
throughout life, but the sides thicken very greatly to form the 
optic thalami, reducing the central cavity to # narrow vertical 
cleft, the third ventricle of the adult (cf. Fig. 116, nr). 

The anterior wall of the thalamencephalon forms a thin and 
narrow band, thé lamina terminalis (Fig. 116, sr), which lies 
between the roots of the two cerebral hemispheres: in con- 
nection with this, the anterior commissure is developed as a 
narrow transverse band of nerve fibres, running across between 
the basal parts of the hemispheres. 

The roof of the thalamencephalon, like that of the fourth 
ventricle, becomes early reduced, along the greater part of its 
length, to a single layer of epithelial cells, devoid of nervous 
elements. About the middle of its length, the pineal body arises, 
at the commencement of the third day, as a hollow, rounded, 
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median diverticulum : this is at first directod slightly backwards, 
but by the end of the third day becomes inclined forwarda (Figs. 
113 and LL, rx), and lies close beneath the external epiblast. 
Tn the Inter stages, the pineal body increases in size, becomes 
dilated at, ite distal end, and gives off a namber of branching 


YK 
FIG. 115.—A Chick Embryo at theend of the fifth day of {ncukstion, geen from 
the right side. ‘The amnion has been removed. 20. 


tubular diverticula. Its condition on the eighth day is shown in 
Fig. 116, rx. 
Tn front of the pincal body the roof of the thalamencephalon 
‘is very thin, ond becomes thrown into folds which hang down 
ventricle: between the Inyers of those folds numerous 
8 





258 THE CHICK. 


sate 
“hloodevessels penetrate, to form the choroid plexus of the third 
ventricle (Fig. 116, xa). 

Immodiately behind the stalk of the pineal body, the posterior 
commissure is developed in the roof of the thalamencephalon, as 
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Fig. 116.—A median longitudinal, or sngittal, section of the head and anterior 
tip wet» ce Bae the end of the eighth day of incuba- 
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a transverse band of nerve fibres connecting the two optic 
thalami; it is shown, though not lettered, in’ Fig, 116, 

The floor of the thalamgncephalon is depressed ventralwards: 
to form the infundibulum, which lies very close to the ante~ 
rior end of the notochord, and early acquires intimate relations 
with the pituitary body. The infundibulam is aleaily jeeet 
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outgrowth (Fig. 118, Na), which consists of cells more 

in shape than those of the surface epiblast, or of 

wall, appears first in the region of the mid-brain, bi 
extends both forwards and backwards: forwards as 
anterior part of the forebrain; backwards along 
length of the hind-brain, and a certain distance down 


spinal cord. 

‘These ontgrowths (Fig, 118, NA) are the neural ridges. As 
they arise before the lips of the neural canal have met, the 
neural ridges of the two xides nre ab first completely i 
of each other. A few hours later, when closure of the neural 


P10. 118. —tTransreree soetion aorow the head of a Chick Himbryoat he ementy: 
ants) incubation, passing throngh tho region of the wid-bratn 
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canal is effected, the neural ridges separate completely from the 
external epiblast, but remain closely attached to the brain; the 
ridges of the two sides at the same timo coalescing with each 
other to form a continuous longitudinal band, the neural crest 
(ig. 119, xn), extending along the dorsal surface of the brain. 

Almost from its first appearance, and before the neural 
tube is closed, the neural crest becomes more prominent at 
certain places. These more prominent parts form paired 
outgrowths of the crest, and ore situated opposite the widest 
parts of the cerebral vesicles. They are the rudiments of the 
cranial nerves (Fig. 119, xe), while the intervening narrower 
patie of the crest (Fig. 120, xa), opposite the constrictions 
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along the whole length of the fore-brain, bat they do not appear 
to take any part in the development of the optic nerves. 


III. The motor oculi, or third cranial nerve. The third nerve 
is the only one which, in the adult bird, arises from the mid-brain. 
The neural ridges appear first of all on the top of the mid-brain, 
and early attain a great size in that position (Fig. 118, xa), but 
it is not yet clear what happens to these ridges in the later 
stages. It is possible that they take part in the formation of 
the third nerve, but this has not been proved to be the case. 

The actual date of the first appearance of the third nerve 
has not been determined. About the middle of the third day 
it is clearly visible as a nerve of rather large size (Fig: 124, 
4), arising from the base of the mid-brain, not far from the 
middle line, and ruming backwards and downwards towards 
the hinder border of the eye. 

By the fifth day (Fig. 115, 1), the third nerve has the 
characteristic course of the adult nerve, arising from the floor 
of the mid-brain and running downwards and backwards im- 
mediately behind the eye. 

There are strong reasons for regarding the third nerve as 
corresponding to at any rate a part of a typical cranial nerve, 
but until its early development is more clearly ascertained it is 
impossible to speak definitely with regard to it, Its origin 
from the base of the brain, close to the median plane, its dis- 
tribution to muscles, and the fact: that its root in the early stages 
(Fig. 115, m) is multiple, have led most investigators to compare 
it with the ventral root uf a spinal nerve rather than with the 
dorsal root. 

The ciliary ganglion is stated to be formed in the chick in 
connection with a knob-like thickening of the surface epiblast, 
similar to the sensory patch of a typical cranial nerve. 





IV. The fourth cranial nerve. ‘The fourth nerve in the 
adult is peculiar, inasmuch as it is the only nerve which 
arises from the dorsal surface of the brain, and also, so far as is 
known, the only nerve which arises from a constriction between 
two brain vesicles instead of from the middle of a vesicle. 

Ina chiek embryo of the fifth day the fourth nerve is easily 
recognised. It is very slender, but has already the course and 
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relations characteristic of the nerve in the adult bird. Its 
development in the chick is unknown, 


‘V. The trigeminal, or fifth cranial nerve. Tho trigeminal 
nerve arises from the noural ridge on tho first or most anterior of 
the vesicles of the hind-brain, and its development accords exactly 
with that of « typical cranial nerve as described above. ‘The 
ganglion of the trigeminal nerve, or Gasserian ganglion, is 
formed mainly from a portion of the neural ridge, reinforced 
from an independently arising knob of the surface epiblast. The 
permanent attachment of the nerve to the ide of the hind-brain 
is sequired at the commencement of the third day; and about 
the same time the nerve divides distally into ophthalmic and 
mandibular branches, of which the former (ef. Pig. 115, v‘) rans 
forwards along the inner side of the eyeball to the front of the 
head, while the latter, ¥, rune downwards and backwards in the 
mandibular arch. From the mandibular nerve, the maxillary 
nerve arises on the third day as a branch (cf Fig. 115), which 
rans forwurds in the maxillary arch or upper jaw. 

‘The development of the motor root of the trigeminal nerve 


in the chick has not been determined satisfactorily, and it is not 
yet certain whother this ie a part of the original nerve, or whether, 
a2 seems more probable, it arizes independently a8 an outgrowth 
from the brain itself. 


VI. The sixth cranial nerve. ‘The sixth nerve is of a very 
different nature to the trigeminal or facial nerves, and in its 
mode of origin and relations agrees mors closely than any of the 
other cranial nerves with the ventral or motor root of a spinal 
nerve. 

Tt appears during the fourth day, arising from the bass of the 
hind-brain, near the median plane, by a nuxober of very slender 
rootlets, the most anterior of which is on a level with the hinder 
part of the root of the trigeminal nervo, and the most posterior 
ong opposite the root of the facial nerve, The rootlets unite 
together to form a slender nerve, which runs forwards below the 
base of the brain to the external rectus mueele of the eyeball, in 
which it ends. 


‘VII. The facial, or seventh cranial nerve arises from the 
neural crest on the top of the second vesicle af the hind-brain ; 
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somites are alone present (sf. Fig. 110), and sometimes even 
prior to the definite formation of any of the somites. 

+ In the anterior part of the spinal cord the neural ridges 
appear, just as in the brain, as cellular proliferations from the re- 
entering angles between the external epiblast and the lips of the 
neural plate, which latter have already grown in towards each 
other a certain distance. The neural ridges of the spinal cord 
are directly continuous with those of the brain, and from them 
the ganglia of the spinal nerves are derived as paired outgrowths. 
The spinal ganglia differ, however, from the cranial ganglia in 
not acquiring any distal connection with sensory patches of the 
epiblast, and in being from the first much more deeply situated, 
growing downwards close alongside the spinal cord, between 
this and the muscle-plates (Fig. 124, sz). 

During the third day, the spinal ganglia acquire their definite 
attachments to the sides of the spinal cord, these being effected by 
the outgrowth of nerve fibres from the inner sides of the ganglia 
into the cord. ‘The parts of the ganglia above, or dorsal to, 
the points of attachment persist for some time as small pointed 
processes, but soon become inconspicuous, and are finally absorbed 
into the ganglia. 

The spinal ganglia are of considerable width, more than 
half the width of the somites to which they belong (Fig. 115, SE), 
so that the intervals between successive ganglia are distinctly 
less than the width of the ganglia themselves. The ganglia lie, 
from the first, opposite the anterior parts of the somites to which 
they belong. 

‘The ganglia of the anterior part of the body are connected 
together by short commissural bands (Fig. 115, Nm), situated at 
the same level as the attachments of the ganglia tothespinal cord ; 
and the most anterior spinal ganglion, as already noticed, is con- 
nected with the hindmost root of the pneumogastric nerve by a 
similar but much longer commissure (Fig. 115, x”). These com- 
missures appear to be formed from the parts of the originally 
continuous neural ridge which are left between the successive 
ganglion outgrowths; they are well developed and conspicuous 
structures on the fourth and fifth days, but after the latter date 
are difficult to detect. 

‘The spinal nerves of the hinder part of the cord develop in 
slightly different fashion to those of the anterior part. They appear 
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at a slightly later date, but ab a relatively earlier stage in the for- 
mation of the spinal cord. At a time when the neural canal has 
hardly commenced to form, and the neural plate is only very- 
slightly folded on itself in the middle line, the nerve rudiments 
may be recognised in transverse sections (Fig, 117,28), a8 small 
conical masses of cells, cut out from the deeper part of the spiblast, 
at the edges of the neural plate. As the neural folds rise mp, and 
grow in towards each other, the nerve rudiments are carried np 
with the folds to the dorsal surface of the spinal cord, and then 
complete their development in the manner already described. 

Tn the posterior half, or 90, of the body there appears to be no. 
continuous neural ridge developed, the nerve rudiments being, 
from the first, independent outgrowths. ‘There are consequently 
no longitudinal commissures connecting these hinder nerves, 
similar to those in the anterior part of the body (Fig. 115). 
‘These commizsures disappear in the anterior part of the body 
shortly after the fifth day, and it is posaible that their absence in 
the hinder part of the body is to be explained as due to abbrevia— 
tion of the developmental history, by omission of this stage. 


The ventral roots of the spinal nerves arise later than the 
dorsal roots, during the latter part of the thind day. They appear 
a5 small outgrowths from the lower part of tho sides of the spinal 
cord, and from the firet occupy the position held by them in the 
adult, This position is indicated, before the actual appear- 
ance of the root, by a slight convergence of the cells st the side 
of the cord ; and the nerve root is apparently formed by the direct 
outgrowth of processes from these cells, which, passing out from 
the side of the spinal cord, become the axis cylindors of the nerve 
fibres. 

Each ventral root arises by a number of separate rootlets, 
which leave the spinal cord in a longitudinal series, the total 
length of a root being about equal to half that of a somite; the 
root lies opposite the anterior half of the somite, and vertically 
‘below the corresponding dorsal root. 

Towards the end of the third day (Fig. 124), the ventral 
roots, growing downwards and outwards, meet the dorsal roots, 
and with these form the trunks of the spinal nerves. Beyond 
the place of union of the roots the nerves continue thein growth 
outwards and downwards, lying along the inner surfaces of 
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the muscle plates. By the end of the fourth day the nerves have 
doubled in length, and the primary dorsal and ventral divisions 
are already established, each division including fibres from both 
the dorsal and ventral roots. 

In the part of the body between the fore and hind limbs 
(of. Fig. 115), the main branches of the nerves run in the body 
wall or somatopleure. In the segments opposite the limbs, 
the rierves enter the limbs and divide into dorsal and ventral 
branches, which unite with the corresponding branches of the 
nerves in front of, or behind, them to form broad plates of nerve 
fibres, from which the individual nerves of the adult limb arise. 


a. The Sympathetic Nervous System. The origin of the 
sympathetic nervous system in the chick has been much debated, 
and is not yet satisfactorily determined. The most trustworthy 
observations are to the effect that the sympathetic nervous system 
arises at an early stage, the third or fourth day, as a series of 
outgrowths from the spinal nerves, apparently derived directly 
from the spinal ganglia. These grow inwards, at a level im- 
mediately above the cardinal veins, and close to the dorsal 
aorta: at their ends are ganglionic enlargements, the nerve- 
cells of which are apparently derived, by direct migration, from 
the spinal ganglia. ‘These ganglionic enlargements soon become 
connected, along each side of the body, by longitudinal com- 
missures, apparently formed by outgrowths of nerve-fibres from 
the ganglia themselves. 

Tf this account is correct, the sympathetic nervous system 
of the chick is to be regarded merely as a specialised part of 
the spinal nervous system. 


DEVELOPMENT OF THE SENSE ORGANS. 


The general history of the development of the sense ‘organs 
in the chick is very similar to that already described in the 
frog. In all cases the essential part of the organ, the actual 
sensitive surface itself, is derived directly or indirectly from the 
epiblast or epidermis. 


1. The Nose. 


'The olfactory organs appear, about the fiftieth hour, as a pair 
of thickened patches of the external epiblast on the under 


THE NOSE AND EYE, 


surface of the fore part of the head ; these 2oon become depressed, 
forming pits (Fig. 113, oF), with the bottoms of which the 
nerves very early become connected (p. 266), 

The mouths of the olfactory pits narrow, and become slit- 
like, but remain open throughout life as the external nostrils 
(Figs. 125, 126, ox), 

‘The epithelial lining of each olfactory pit becomes thrown 
into folds, to increase its surface; and gives rise directly to the 
eget ar, BolmeiSectan membrane, of the adult 


ween. posterior narial paseage is a secondary formation; it 
appears at firet a8 a groove on the under gurface of the head, 
leading from the edge of the olfactory pit to the anterior and 
outer angle of the stomatodaum. This groove is well marked 
on the fourth day, its inner lip being formed by the fronto-nasal 
process (ig. 125, 1'r), or median part of the face, between the two 
olfactory pits; and its outer lip being formed by the maxillary 
arch (Fig. 125, mx), or rudiment of the upper jaw. 

On the fifth day (Pig. 125) the olfactory groove deepens, 
and its inner and outer lips, formed by the fronto-nasal process 
and maxillary arch respectively, meet and coalesce, ea as to 
convert the groove into a tube, leading from the olfactory pit 
to the mouth, This tabe is the posterior narial paseage; it at 
first opens into the anterior end of the mouth cavity, immediately 
behind the upper lip; but as the mouth elongates, by growth 
forwards of the beak, a horizontal shelf-like partition is formed 
at the anterior end of the upper jaw on either side. By fusion 
in the median plane, the two horizontal partitions form the 
palatal septum, which stretches across the anterior part of the 
month, separating the olfactory or nasal region above from the 
buceal cavity below, and shifting backwards the communication 
between the posterior nostrils and the mouth, 


2. The Bye. 

As in the frog, and in Vertebrates generally, the retina or 
eazential part of the eye is formed from the optic vesicle, while 
the lena is an independent inyngination of tho surface epiblast. 

‘The optic vesicles arise, at the commencement of the second 
day, as a pair of hollow lateral outgrowths from the forebrain ; 
they grow rapidly, and attain some size before the lips of the 
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constriction of the embrye from the yolk-sne proceeds, the fore- 
gub and hind-gat lengthen at the expense of the mid-gut; and 
after about the seventh day, when the yolk-stalk is reduced to a 


cd 
* oH 
Fig, 123.—A median Jongitudinal, or sagittal, section throug! sta 
‘at tie end of the ft day of ineubation ; the section is { iets 
median plone, oxcopt aa rezards the Wolffian 
Sntroduoed in the gare fa order that their rations to be, 
be shown, Hie Jobe, cerebral | eee ts i — 
tthe lah eite sre shown Abe ky Theamnion has been removed, 
‘and the ntlantols and yotk-stalk cut short clese ta the embry, oa 
Pige, 100 aud 115 for surface views of embryos of the samme age, 
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(ii) The proctodmum is a barely perceptible pitting-in of 
the opiblast, at the hinder end of tho alimentary tract, which 
forms the anal or cloacal aperture. 

Up to the end of the fourth day the alimentary canal is nearly 
straighb; but from this time it grows more rapidly than the pach 
af the body in which it lies, and soon becomes markedly convo~ 
Juted; it retains its connection with the mid-dorsal wall of the 
body cavity by means of the mesentery. 

The several regions of the alimentary canal, and the various 
organs formed in connection with it, will now be taken in order; 
and the more important pointa in their developmental history 
described. 


2. The Pharynx. F, 

Almost from the first, there is a great difference between the 
anterior or pharyngeal portion of the mesenteron, which is shallow 
dorso-ventrally but very wide from sido to side (Fig. 118, 1) ; and 
the hinder part, from the exophagus tothe cloaca, which is narrow 
and cylindrical. 

‘Towards the end of the second day, pouch-like folds of kypo- 
blast grow out in pairs from the sides of the pharynx, towards 
the surface, These correspond exactly, in their relations and their 
mode of formation, to the gill-pouches of the tadpole; and like 
these, they grow outwards until they meet the external epiblast, 
with which they fuse. Av a slightly later stage, the fused patches 
of epiblast and hypoblast become perforated to form the gill-cleftas, 
which place the gill pouches, and thorefore the pharynx, in direct 
communication with the exterior. 

‘Of these gill-pouches, four are formed on each side of the 
neck, and are developed in order from before backwards. The 
most anterior one is the hyomandibular gill-poach (Fig. 124, 
fim); and the succeeding three are the first, second, and third 

‘The purts of the side walls of the phurynx betweon the sue 
cessive gill-ponches are spoken of as the visceral arches; thoir 
boundaries are indicated on the surface of the neck by grooves, 
marking the lines slong which the hypoblastic walls of the gill- 
pouches meet and fuse with the external epiblast, as shown on 
the right-hand side of Fig. 124. ‘The first or most anterior of 
these visceral archos is the mandibular arch (Pigs. 124 and 125, 
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By forther thickening of this rim, the depression which it 
garrounds becomes deepened; and the pit formed in this way, 
rather by building up of its walls than by lowering of its Moor, 
becomes the stomatodmum. 

‘Towards the end of the third day the floor of the stomatndieal 
pit thins away and becomes perforated, placing the pharynx for 
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the first time in direct communication with the exterior, and 
forming the permanent mouth opening (Fig. 114, 0). 

‘The Face. After the definite formation of the mouth opening, 
the borders of the stomntodmal pit continne to develop, and 
gradually give rise to the beak and the anterior part of the thee of 
the bird. At the end of the fifth day the mouth opening (Fig. 
125, ns) is oblong in shape. Ite anterior border is formed by 
the fronto-nasal process, PP, a broad plate, notched in the median 
line, and forming, at this stage, the under surface of the head. 
The posterior barder of the mouth opening is formed by the 
ventral ends of the mandibular arches, x, which meet each 
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but the fact that a similar solidification of the esophagus occurs 
in dogfish, frogs, reptiles, and mammals, as well as in birds, 
renders it possible that it has some further and deeper signifi- 
cation, not yet determined. 


5. The Stomach and Intestine. 


Up to the end of the fifth day (Fig. 123). the alimentary 
canal remains almost straight, except for a slight, ventrally 
directed loop, Gr, at the place where the yolk-stalk, Ys, arises. 
connecting the intestine with the yolk-sac. E 

The stomach is recognisable as a slight, fusiform dilatation, 
Ts, about the end of the fifth day; during the sixth day the 
gizzard becomes evident, as a thick-walled dilatation of the distal 
end of the stomach, which grows rapidly, and by the twelfth day 
has attained a great size. 

From the sixth day onwards, the intestine lengthens rapidly ; 
growth occurring most markedly at two parts of its length, and 
giving rise to two loops, both of which are directed ventralwards. 
Of these, the proximal or duodenal loop is formed from the part of 
the intestine immediately beyond the gizzard. The distal, or 
vitelline loop, which is much the longer of the two, is formed 
by elongation of the two limbs of the V-shaped loop which is 
already present on the fifth day, and from the angle of which 
the yolk-stalk arises (Fig. 123, ys). 

Between the duodenal and vitelline loops there is a part of 
the intestine which undergoes hardly any elongation at all, but 
remains throughout ‘life closely attached to the dorsal surface 
of the body cavity; it corresponds to the point in Fig. 123 im- 
mediately beyond the opening of the bile-duct, wp, where the 
intestine bends ventralwards to form the proximal limb of the 
vitelline loop. 

The further development of the intestine consists chiefly in 
great elongation of the vitelline loop, which gives rise to the 
whole length of the small intestine, beyond the duodenum. Both 
limbs of the loop lengthen very rapidly, and become twisted 
somewhat spirally. Up to about the seventeenth day the vitelline 
loop lies almost entirely in the yolk-stalk, and therefore outside 
the body of the embryo; about the eighteenth day the greater 
part of the loop becomes withdrawn into the body, and acquires 
the convolutions characteristic of the adult. 
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becomes more clearly defined. as a slightly depressed, transversely 
elongated patck. bordered ly a thickened rim, which is formed 
partly by the ventral ends of the anterior visceral arches. and 

partly by the under surface of the head itself. 
By farther thickening cf this rim. the depression which it 
surrounds becomes deeyrned: and the pit formed in this way. 
than by lowering of its floor. 
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straight tube, lying below the fore-gut, and closely attached to 
its ventral surface, and with its walls eonsisting of an outer 
muscular tube and an inner endothelial tube. 

The posterior end of the heart is, from the first, continuous 
with, or rather is formed by the union of, two large vessels, the 
vitelline veins (Fig. 127, vv), which collect and return to the 
embryo the blood from the network of capillaries in the area 
pellucida and area opaca (cf. Fig. 98). 

The heart is at first very short; but as the head fold becomes 
deeper, constricting the embryo more and more markedly from 
the yolk-sac, the vitelline veins remain at the edge of the fold, 
and so get carried back with it, causing thereby lengthening of 
the heart. 

The heart begins to beat very shortly after its first formation, 
and before any distinct histological differentiation into muscle 
and nerve cells can be distinguished. 

On its first formation, the heart is attached along its whole 
length to the under surface of the fore-gut. It remains attached 
at its two ends, but about the thirty-third hour becomes free 
along the middle portion of its length (Fig. 112, rv); and, 
growing more rapidly than the parts to which it is attached, 
becomes ‘thrown into a loop (Fig. 127), with the convexity 
towards the right, and the concavity towards the left side of 
the embryo. 

The loop, continuing to lengthen, projects downwards and 
backwards, so that the whole heart, towards the end of the second 
day, becomes twisted obliquely, into a letter § shape. Starting 
from the point of union of the vitelline veins, the heart rans for- 
wards a certain distance, then makes a sharp bend downwards, 
backwards, and to the right side ; then, making a second, equally 

. sharp bend (¢f. Fig. 118, rv) upwards, forwards, and to the left, 
reaches the median plane again, and is attached to the under 
surface of the pharynx opposite the first two'pairs of gill-clefts. 

The posterior end of the heart, into which the vitelline veins” 
open, may be called the venous end of the heart; and the 
anterior end, the arterial end. The first bend or loop (Fig. 
113, Ra) marks the auricular part of the heart ; and the second 
bend, RV, the ventricular part. The forwardly directed portion 
of the heart, in front of the second bend, is the truncus arteri- 
osus, Rr. 


‘THE sEART, 


During the third day (Fig. 113), the heart increases con= 
siderably in size; the S-like twisting becomes still more pro- 
nounced than before; and constrictions appear, separating the 
several chambers of the heart from one another, 


On the fourth day, the auricolar portion of the heart becomes 
widened laterally, and marked off by a sharp constriction from 
the ventricular portion, which, in ita turn, is eeparated by a 
distinct though lee: pronouneed constriction from the truncus 
arteriosus, 

‘The most important event, however, that happens di 
the fourth day, so far as the heart is concerned, ix the first 
appearance of the partitions by which the right and left sides of 
the heart become separated from ench other. Up to the fourth 
day tho heart is a single and continuous, though twisted tube, 
without any division whatever into right and left sides, The 
blood enters at the posterior or venous end of the heart, and 
passing through the several cavities in succession passes out in 
front, through the truncus arteriosus, into the aortic arches. 

‘The internal division of the heart, into right and lett sides, 
is effected by three septa or partitions, which appear within the 
cavity of the heart, and which arise perfectly independently of 
one another: (i) the interauricular septum, which divides the 
auricular chamber into the right and lef auricles; (ii) the 
interventricular septum, which divides the ventricular chamber 
into the right and left ventricles ; (iii) the septum of the trancus 
arteriosus, which divides the truncus arteriosus, or terminal 
chamber of the heart, into right and left halves. Of these =pta, 
the first two commence to form on the fourth day; the third, or 
septum of the truncus arteriosus, does not arise until the fifth 
day, 

Concerning the relative times of appearance of the inter- 
auricular and interventricnlar septa, there is some discrepancy 
in the published accounts. It is commonly stated that the 
interventricular septum develops the earlier of the two, but 
according to Masius it: is the interauricular ipa which ig 
the first to be formed. 

‘The interauricular septum appears, during the fourth day, as 
# septum projecting into the auricular chamber from its anterior 
and dorsal wall; it lies between the spertures of the sinus 
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archow, and divides the troncus arteriosus in such manner that 
tho right division of the trancus arteriosus. and consequently 
tho right. ventricle, from which this division arises, sends all its 
blood into the fifth pair of aortic arches; while the left ventricle 
and loft division of the trancus arteriosus conduct blood to the 
third wud fourth pairs of arches. It follows from this that the 
supply of blood to the head and anterior part of the body is 
derived thom the lett ventricle: while the right ventricle supplies 
the whole of the body behind the heart. as well as the yolk-sac 
and allantois. 

About the seventh day the two divisions of the truncus 
arteriosus separate compistely fiver each other at their bases ; 
the right brasch. or palmcaary crunk. remaining in connection 
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THE ARTERIES, 


or dorsal part which connects the root of the artery 
with the sorta, Thay dial pufGeel Gioplisel al oboe Ae 
Botalli, or ductus arteriosus ; ‘and eo long as it remains open the 
blood from the right ventricle can avoid the lang 

and puss to the aorta direct. Shortly after the hatching of the 
chick, however, the ductus Botalli shrivels up, and its cavity 
becomes obliterated; from this time the fifth arch commmuni- 
cates with the lungs alone, and all the blood from the right 
ventricle must pase through the pulmonary capillaries, 


b. The Dorsal Aortw and their branches. ‘The two doreal 
porter are at first separate along their whole lerigth, ranning 
_ parallel to the notochord and some little distanee from the 
median plane. Each aorta is, from the first, continuous along its 
onter side at several places with the vascular reticulum of the 
area pellucida and area rasculosa, By conlescence of the vessels 
of the reticulum at one place, with shrinking and disappearance 
of the beticulum in front of and behind this spot, the definite 
vitelline artery of each wide is formed (Figs. 118 and 128, av); 
this is a large vessel ronning ontwards from the aorta, between 
the splanchnopleuric megoblast and the hypoblast, and passing out 
beyond the embryo to open distally into the vascular reticulum 
of the arca vasculosa. ; 

Before the end of the second day the two aorta» have met and 
fused for a short distance along the middle part of their course, 
separating sgain towards their hinder ends, and giving off at 
intervals along their length small arteries to supply the various 
parts of the body. 

By the fourth day the union of the two sortm has extended 
much further back than before, and involves the part from which 
the vitelline arteries arise. ‘The two vitelline arteries have 
themselves coalesced at their proximal ends, and now spring 
from the norta as a single trank, which divides almost at once 
into the right and left vitelline arteries, of which the left one is 
mach the larger. 

‘The allantoic, or, as they are often called, umbilical arteries 
(Fig. 128, sa), arise from the aortw just beyond their point of 
bifurcation, and ren outwards to the allantois. The lef allantoic 
artery is usually the larger of the two from the first, and becomes 
ultimately the sole ono, the right allantoic artery disappenring. 
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the body of the embryo, excepting the alimentary canal and the 
liver. The anterior cardinal veins persist throughout life as 
the jugular veins, and are joined st an early stage by pectoral 
veins from the wing, and aribeal olan Ries thee eee 
‘The posterior cardinal veins remain of large size so long ax the 
Wolffian bodies are in functional activity; but when these 
bogin to diminish in size, on the appearance of the permanent 
kidneys, the posterior cardinal veins also shrink up, and ulti- 
mately disappear. 

‘The Cavierian veins, as already noticed, persist and become 
the anterior vena: cavar of the adnit bird. 


b. The System of the Posterior Vena Cuva_ 

‘The meatus venosus. ‘The heart, as alroady described, ix 
formed by the union of the right and, left vitelline veins (Fig. 
127, vv), which lie along the edge of the fold of the splanchno- 
plenre, marking the posterior limit of the fore-gut (of: Fig. 112) 

‘The vitelline veins remain at the of the 
pleuric fold, and consequently travel backwards with this fold as 
the embryo becomes more definitely constricted from the yolk- 
eac, This shifting backwards of the point af meeting of the 
right and left vitelline veing cauees, first, a lengthening of the 
heart; and then, after the heart is definitely established, the 
formation of a median vitelline vein lying posteriorly to the 
Hesrty- Delavan the: hinder end 00 tho.shoert pu Pas PaaS On 
meeting of the two vitelline veins, 

'This median vitelline vein may be divided into an anterior 
part or sinus venosus (Fig. 128, rs), which really forme: the 
posterior chamber of the heart and receives the Cuvierian veins ; 
and a posterior part or meatus venosus, vit 


‘The meatus venosus has, from the first, very close relations 
with the liver. The two primary liver diverticula lie ono ow 
each side of it, and a8 the liver increases im size it completely 
surrounds the vein. Blood-vossels appear in the substance of 
the liver mass, and soon acquire openings into the meatus 
venosus. At first these vesselg are very irregularly disposed, 
but by about the fifth day a definite arrangement can be made 
out. ‘Thé meatus yenosus on entering the liver gives off afferent 
hepatic vessels (Fig. 128, vo), which open into the capillary 
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earlier stages (Fig. 12s iteiline vein is mach larger than 
the alantoie : but later on. ae the yolk Tecomes smailer through 
absorption of itt contents. while the allantois continues to in- 
crease, the proportions are reverved, and the allantoic vein 
becomes the larger of the two. 
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‘The mesenteric vein is formed |i union of the veins 
the blonf from the intestine of the embryo. It 


appears during the fourth day, and is ut. first very small, but: 
it becomes larger and more important as the alimentary canal 
lengthens. ¢ 

‘The mesenteric vein joins the vitelline vein just before this 
reaches the liver. The blood entering the liver by the meatus 
venosus is thus derived from three sources: (i) the vitelline vein 
returns blood, highly charged with nutritious matter, from the 
yolk-ene ; (ii) the allantoic vein returns blood from the allan- 
tois, rich in oxygen and freed from carbonie acid; (iii) the 
mesenteric vein brings venous blood from the walls of the ali- 
mentary canal ofthe embryo. Of these, the vitelline and allantoic 
veins aro, daring the period of incubation, much largor than the 
mesenteric vein ; but inasmuch as the two former vessels return 
blood from parts outside the embryo, they become obliterated at 
the time of hatching; while the mesenteric vein, which alone 
persists of the three, retains its relations with the liver, and 
becomes the hepatic portal vein of the adult bird, 


‘The posterior vena cava appears about the fourth day (ef 
Fig. 128, vi). It ariees in the mesoblast between the hinder 


ends of the Wolffian bodies, and runs forwards in the median 
fine, ventral to the norta; at its anterior end it joins the meatus 
venogus, 8 thie emerges from the liver, and just before it reaches 
the heart. ¢ 

As the permanent kidneys become definitely established, the 
posterior vena cava acquires special relations with them, and 
increases in size a8 they develop. At first (Fig. 128), the pos- 
forior vena cava appears as & comparatively unimportant tribu- 
tary of the meatus venosue, but with growth of the embryo, and 
especially with the enlargement of the hind limbs, it steadily 
increnses in sive, and towards the close of incubation becomes: 
the larger vessel of the two. 

After the posterior vena cava has attained some size the 
hepatic efferent veina shift eo as to open into it directly, instead 
of into the meatus venosne, and it ie from this time that the 
‘vena cava becomes 2 larger and more important vessel than the 
meatus venosns. 


5, ‘The Course of the Circulation. 


Tt will render the description of the development of the 
Dblood-vessels easier to follow if cormeeftd account is given of 
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appears during the fourth day, and is at first very small, but 
it becomes larger and more important as the alimentary camal 
lengthens, 

réaches the liver. The blood entering the liver by the meatas 
~venosus is thus derived from three sources: (i) the vitelline vein 
retarne blood, highly changed with nutritious matter, from the 
yolk-sac; (ii) the allantoic vein returns blood from the allan- 
tols, rich in oxygen and freed from carbonic acid; (iii) the 
mesenteric vein brings venous blond from the walls of the ali~ 
mentary canal ofthe embryo. Ofthese, the vitelline and allantoic 
veins are, during the period of incubation, much larger than the 
mesenteric vein ; but inasmuch as the two former yeesels return 
blood from parts ontside the embryo, they become obliterated at 
the time of hatching; while the mesenteric vein, which alone 
persists of the three, retains its relations with the liver, and 
becomes the hepatic portal rein of the adult. bird. 


The posterior vena cava appears about the fourth day (ef. 
Fig. 128, vt). It arises in the mesoblast between the hinder 


ends of the Wolffian bodies, and runs forwards in the median 
line, ventral to the norta; at its anterior end it joins the meatus: 
‘venoens, as this emerges from the liver, and just before it reaches 
the heart. 

As the permanent kidneys become definitely established, the 
pesterior vena cava acquires special relations with them, and 
increases in size aa they develop. At first (Fig. 128), the pos- 
terior vena cava appears as a comparatively unimportant tribu- 
tary of the meatns venosus, but with growth of the embryo, and 
especially with the enlargement of the hind limbs, it steadily 
increases in size, and towards the close of incubation becomes 
the larger vessel of the two. 

After the posterior vena cava has attained some size the 
hepatic efferent veins shift so as to open into it directly, instead 
of into the meatus venosus, and it ie from this time that the 
vena cava becomes a larger and more important vessel than the 
meatus yenosns. 


5, The Course of the Circulation. 


‘It will render the description of the development of the 
blood-vessels easier to follow if connect¥d account is given of 
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head and fore-limbs, The pulmonary trank, arising from the 
right ventricle, leads to the fifth pair of sortic arches, which an 
directly continuous with the doraal aorta of the body of the 
embryo, and from which also the small pulmonary arteries arise. 
From the aorta a vitelline artery carries blood to the yolk-sac ; 
and still larger allantoic artery runs from the aorta to the 
allantois, 

‘The blood isbrought back to the heart by three great veine:— 
the right and left anterior venm cavi, and the posterior vena cava, 
‘The right and left anterior vens cave return venous blood from 
the head and fore-limbs of the embryo. The posterior vena cava 
returns blood from the hinder part of the body, the hind limbs, 
and the kidneys ; just before reaching the heart it is joined by 
the ductus venosus, which returns the blood from the yolk-sac, 
from the allantois, and from the alimentary canal of the embryo, 
by the vitelline, allantoic, and mesenteric veins respectively. The 
blood in the vitelline vein is arterial as regards nutrient matter ; 
the blood in the allantoic vein is arterial as regards its gascous 
components; and the blood in the mesenteric rein is venous. 
The blood in the posterior vena cava is venous as regards 
nutriment, and as regards gaseous components, bat, having just 
passed through the kidneys, is arterial as regards freedom from 
nitrogenous excretory mutters. 

The blood brought to the heart by the posterior vena cava 
may therefore be spoken of as arterial, and stands in this 
respect in marked contrast to the venous blood brought to the 
heart by the right and left anterior venm cave. 

All three rene cays open into the right auricle of the 
heart; but, owing to the position and direction of the open= 
ing, and to the Eustachian valve, the arterial blood from the 
posterior yena cava is directed at once through the foramen 
ovale into the left auricle, while the venous blood from the right 
and left anterior venw cave remains in the right auricle. The 
right anriclo is thus filled with venous blood, and the left auricle 
with arterial blood. 

On contraction of the auricles, the blood they contain is 
driven into the ventricles, so that the right ventricle will be 
filled with venous, and the left with arterial blood. 

‘The left ventricle drives ite artorial blood along the systemic 
trunk, and through the thin] and fourth pairs of sortic archea 
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cross the body cavity transversely, in order to reach the sinus 
-venosus from the somatopleure; and it is from the walls of the 
Cnyierian veins that the pericardia! septum arises, as a thin 
sheet of connective tissue which grows forwards and upwards 
to the under surface of the fore-gut, and obliquely downwards 
- and backwards to the ventral body wall, which it meats a little 
way behind the heart. 

The lungs lie in two pocket-like diverticula of the body- 
cavity which extend forwards along the sides of the esophagus 
(cf. Fig. 163). Thea pleural cavities ot first lio dorsal to the 
pericardial cavity, but, as they gradually enlarge to make room 
for the langs, they spread ventralwands over the pericardial 
cavity, between it and the body walls. The pleural cavities 
in the bird remain throughout life continuous ab their hinder 
ends with the general body cavity. 


3, The Muscular System, 

‘The mesoblastic somites or proto-vertebre @- p. 244) are 
paired, cubical blocks of mesoblast, arranged in series along the 
sides of the spinal cord, and formed by transverse division of 
the vertebral plates of the mesoblast (Figs. 110, 111, 113, ss). 

The somites are at first hollow; their cavities are to be 
regarded us parts of the coclom; and in the ease of the anterior 
three or four somites the cavities are for a time actually con- 
tinnous with the general body cavity, The walls of the somites 
ave at first of nearly uniform thickness on all sides, but daring: 
the second and following days they thicken very unequally, and 
andergo further changes, by which they give rise to the greater 
part of the voluntary muscles of the trunk, and to the elements 
from which the vertebral column is developed, These changos 
are effected ax follows. 

During the second and third days (Fig. 129) the ventral 
walls of the somites thicken very considerably, so that the 
whole embryo is increased greatly in depth, from the dorsal to the 
ventral surface, and the cavities of the somites, cM, become 
situated, not in thir centres, but clos to their dorsal surfaces, 
Whe dorsal part of ench somite, inclasing the cavity, or myoccel, 
eM, now separates off from the underl: 
muscle-plate, si: the walls of the muscl plate consist of cells of 
an epithelial character, clozely packed side by si 
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strongly with the loosely arranged stellate cells of the ventral 


deeper, or ventral, walls of the muscle- 


the original protovertebral lines of segmentation, into 
muscle segments or myotomes. These muscle bands in 
chick correspond to the great longitudinal body muscles of 
Amphioxus or of Fishes ; and from them a great part of the 
yoluntary muscular system is developed. 

‘The musele-plates at first lie nearly horizontally, their inner 
borders being at a lovel slightly dormal to their outer edges. 
As the body of the embryo increases in thickness, and assumes 
more definite shape, the musele-plates become placed more and 
mune obliquely (cf. Fig. 129); und by the end of the third 
das Og. 124, wr) they lie almost vertically, the original inner 

border becoming dorsal, and the original outer border ventral 
in position. 

The outer, or ventral, edge of each muscle-plate rapidly ex= 
tends into the somatopleure, and by the fifth day bas spread half 
way down to the ventral surface of the embryo ; both eer 
‘of its component cells become converted into fusiform muscle~ 
cells, from which the muscles of the back and trank are deve~ 
Joped. At tho dorsal and ventral borders of the musclo-plates 
the cells retain their epithelial character eo long as the plate 
continues to grow. 

Tn the seyments opposite the limb buds (Fig. 115), the 
muscle-plates stop at the bases of the limbs; the muscles of the 
limbs themsclves are formed independently of the muscle- 
plates, about the fifth or sixth day, an arrangement which ix 
probably to be regarded as a modification of a more primitive 
‘one by which the musculature of the limbs is derived directly 
from that of the body. 
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THE DEVELOPMENT OF THE SKELETON, 


‘The skeleton of the chick, like that of the tadpole, consists 
in ita earliest stages of densely packed mesoblast colle, which 
soon give rise, by the formation of an intercellular matrix, to the 
primary or cartilaginous skeleton. This, in the adult, is almost 
completely replaced by the secondary or bony skeleton, but 
persists in places, expecially in the skull. 

As in the frog, bone may appear either in direct relation 
with tho pre-existing cartilage, or independently of it, and 
hence a distinction may be drawn between ocartilage-bones and 
membrane-bones ; the latter, which appear independently of the 
cartilage, being almost confined to the head. 


1, The Vertebral Column. 


Tho vertebral column is formed from the ventral portions of 
the mesoblastic somites or protovertebre. After the muscle- 
plates have separated off, the remaining or ventral portions of 
the somites of each pair, which consist of indifferent and rather 
Toowsly” compacted Sarees grow inwards towards the 


vo that by: the ‘end “of tha 
i apinal ood eed tase Beet 


Tn the course 
around the notochord cartilaginous, forming a continu 
ous unsegmented cartilaginous tube, ensheathing the notochand 
along the whole length of the body, At the sides of the spinal 
cord, paired cartilaginous bars appear, which soon fase with 
the cartilaginous investment of the notochord, and become the 
neural arches of the vertebra. 

A little later, but before the close of the fifth day, farther 
liistological changes occur in the cartilaginous tubs surrounding: 





“a 


F10, 190,—The left half of the skeleton of the Common Fowl ‘The skull, 
‘Yertebral column, and steriom are bisceled in the wedian plane. (Frou! 
Marshall and Hutat,. Ree 
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the only segmentation it over shows is the permanent or * secon- 
dary’ one. 
‘The reason why the permanent or vertebral 


fibres of the myotomes are attached at their ends to the verte 
bre orto their processes, and the strain on the axial skeloton, and 
consequent tendency to Jnteral bending, caused by alternate con- 
teactions of the muscles of the two sides of the body, will be great~ 
est, not opposite the attachments of the muscles, but midway be- 
tween these; and it is at these midway points that the interver- 
tebral joints are formed when the axial skeleton becomes too 
rigid to allow of free bending of the body, without segmentation. 
The mechanical advantage of the arrangement, by which each 
vertebra is acted on by two myotomes on each side, one palling 
it forwards and one backwards, is sufficiently clear ; and the actual 
segmentation is probably due, in the first instance, to the direct 
action of the muscles themeelres, causing bending, and subse- 
quently jointing, of the originally continuous cartilaginous tube 
at points midway between the attachments of the mnseles. 

Up to thosixth or seventh day (ef: Fig. 116, cH), the notochord 
remains of fal] size and nearly uniform diameter; but from this 
time it becomes gradually encroached on by the vertebral centra 
surrounding it, which grow inwards, constricting it, and causing 
its gradual absorption and final disappearance. Onsification of the 
vertebrw begins abont the twelfth day, in the centram of the 
second or third cervical vertebra, and yrmdually extends back- 
wards along the colamn; the neural arches ossify rather later 
than the and independently of them; each baving two 
saheact Ron. 

At an carly stage, about the seventh day, the trae centram 
of the first, or atlas, vertebra separates from the outer ring, and 
becomes attached to the second, or axis vertebra, as its odontoid 
process. ‘The atlas and axis vertebra have no rib elements, but 
these aré present in the remaining cervical vertebra ; they lie 
to the outer sides of the vertebral arteries, and they are from 
the first continuous with the centra of the yertebre to which 
they belong, except in the case of the hindmost two or three 
cervical vertebrm, in which the rib elements are for a time 
independent. 
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In front of the notochord, the parachordale are continued for- 
wards as a pair of short and rather slender rode, the trabecule 
rani: these lic at the sides of the pituitary body, and unite in 
front of this to form the ethmoidal plate, which underlies and 
supports the fore-brain, 

By the eighth day (Figs. 131 and 116) important changes 
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¥rG. 131.—The steal of a Chick Embryo at bey the eighth day of inca- 


bation; soon from tho right side, Tho 
oating «10, 


and dye are ropresented in 


have occurred in the skull, mainly associated with the growth 
forwards of the beaks. 

At the hinder end of the skull the two parachordal cartilages 
(Fig. 116, nc) have united, above and below the notochord, to form 
tho basilar plate; and the sides of the basilar plate, including the 
auditory capsnlea which are fused with therm, have grown ap- 
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‘wards to form the side walls of tho skull (Fig. 131); the ex- 


In front of the pituitary body the ethmoidal plate (Fig. 18: 

Er) Leeiinfan asin heey Sener ee 
bealk, and is faved in front with the cartilaginous capsules of the 
olfactory organs, OK. From the dorsal surface of the ethmoidal 
plate, along its whole longth, a huge vertical crest, the interorbital 
plate, has arisen, which supports the fore part of the brain (Pigg. 
116) along its upper edge, and is notched in front for the 
passage of the olfactory nerves, 1, 


(iii) The Viscoral Skeleton. 

Tn the chick embryo, cartilaginous elements, corresponding 
to the cartilaginous bars of the tadpole’s skull, are developed 
in the mandibular, hyoidean, and first branchial arches, 

‘The mandibular arch. In the mandibular arch two 
appear, proximal and distal respectively, which are from the first 
independent. The proximal, or dorsal, one (Fig. 131, Q) is the 
quadrate cartilage, a stout tri-radiate cartilage of which the 
longest arm, or otie process, is directed backwards, and articu- 
lates with the auditory or periotic capsule ; while the ventral, 
aud stoutest limb farnishes tho articular surfice for the mandibles 
‘The distal cartilage of the mandibular arch is o slender rod, 
Mockel’s cartilage, wc, which 8 the basis of the lowor jaw; 
its hinder end, an, which articulates with the quadrate, is ex- 
panded and thickened. 

The hyoid arch. ‘The bar of cartilage belonging to the hyoid 
arch is imperfect or absent P ti 
its dorsal and ventral ends alone being present. The appermost 
or dorsal end is believed to be represented by tho columella 
(Fig. 131, cL), 9 slender cartilage which very early fuses 

, lage formed in the membrane 
tral end of the hyoid bar 
of the hyoid, an; andthe 
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mid-ventral plane, where the arches af the two sides meet, a 
median basibranchial cartilage, uu, is developed. 

Tn the hinder branchial arches no skelotal elements are 
formed in the chick. 

b. The Osseous or Bony Skull. 

(i) The cartilage-bones developed in connection with the skull 
are as follows: 


From the parachordal cartilages are farmed the basi-ovoipital, 


Fic. 182.—Tho skull of the Fowl, ben the right side. (iFroot Murshalt and 


adie ae 
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ei a Tyna nga pein mo Bae 

From the "ay petit capsules are formed the prooties, epiotics, 
end opisthotios, 

From the trabecule eranii, the ethmoidal eartilages and the 
olfactory capsules, are formed the alisphenolds, orbitosphenoids, 
presphenoid, and mesethmoid. 

Tn the mandibular arch of cach side are formed the quadrate, 
and the articulare, 

In the hyoid arch ave formed the columella, the ceratohyal, 
and basihyal. 

In the first branchial arch wre formed the ceratobranchial, 
and basibranchial. 
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(ii) The membrano-bones are less closely connected with the 
cartilaginous skull than aro the cartilage-bones, and can only be 
grouped somewhat arbitrarily according to the primary divisions 
of the cartilaginous skull, 

In connection with the cranium and the sense capsules ane 
formed the parietals, squamosals, frontals, lacrymals, nasals, 
vomer, basitemporal, and parasphencid. 

Tn connection with the upper jaw are formed the ptery- 
goids, palatines, quadratojugals, jugals, maxilla, and premaxille, 

In connection with the lower jaw are formed on each side the 
dontary, angulare, supra-angulare, anil splenial. 

3, The Pectoral Girdle and Sternum. 

The sternum develops as two separate halves, apparently 
formed by fusion of the ventral ends of the ribs, which meet 
and unite in the median plane on the ninth or tenth day. Both 
halves contribute to the formation of the keel. which is formed 
by fasion of their adjacent edges. ‘I'he keel is very small until 
towards the close of development. The manubrium of the sternum 
is formed rather later, and is apparently a secondary outgrowth. 

‘The st i ‘its development, evidence of having 

no greater length, and associated with a larger 
in the adult fowl. 


lay they have lost their sternal attach 
gated, At the hinder end of the 


mer b, which disappears shortly afterwards. 

In cei girdle, cal scapula ond coracoid are almost at 

J her on the seventh day, the seapula being 

the coracoid short and stont, At the 

boginning of the day the scapula and coracoid are con- 

tinuous with each other, but before the end of the day they 
separatio, 

‘The clavicles are membrane-bones; the median part of the 
furcula hns been compared to an interclayicle, but the embryo- 
logien! evidence does not support this view. 

4. The Fore-limb or Wing. 

‘The humerus, and the radius and ulna, present no points: 

special importance in their development; bnt the carpus and the — 
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manus show peculiar modifications in all birds, and are of much 
greater interest (Fig. 130). 

a The carpus. On the seventh day the carpus consists of -— 
(i) a proximal row of two cartilages, of which the larger one is 
situated opposite the end of the radius, and is regarded by 
Parker a5 corresponding to the radialo and intermedium of the 
typical carpus ; while the smaller one, placed opposite the end 
of the ulna, is commonly regarded os the ulnare, but, according 
to Parker, corresponds to the ulnare and centrale of the typical 
carpus. (ii) A distal row of two cartilages, a larger one on the 
radial sido and a smaller one on the ulnar side. A little later, 
about the tenth day, the radial cartilage divides into two, giving 
three cartilages in the distal row of the carpus, of which the 
middle one is the largest. 

‘The carpus remains in this condition until some time after 
the hatching of the chick. The two proximal carpals persist a3 
the two free carpals of the adult bird; they begin to ossify in 
chicks about five weeks after hatching. ‘ho distal carpals 
remain free for some time, but ultimately, in neal or 
nine months old, they unite with the 

‘b. The digits. Te cha inane of tha fal Danae Rete 
formed digits, which at first are quite independent of one 
another, and which correspond to the three radial digits, pollex, 
index, and medius, of the typical Vertebrate manus. The fourth 
digit is rather doubtfully represented by a emall rudiment, 

On the seventh day the first three metacarpals are woll- 
developed cartilaginous rods, completely separate from one an- 
other, and from the carpus. ‘The first metaeurpal is short; the 

ick 5 | about the same length as the 
i The first digit or pollex has two 
short phalanges ; the second digit or index has three; and the 
third digit or medins has two, of which the terminal one ulti- 


a small nodule of enrtilage, the pre= 
pollex, appears on the radial side of the first metacarpal, with 
which it ultimately fuses. Another small bar of cartilage ap- 
pears, about the same time, on the onter side of the third mota- 
"og a eee rare perhaps represents the 

remains distinet until some time after hntch= 
as aascly aS ges teh oo te WA cactcva 
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‘The further changes in the manus are effected 
‘The thn: metacarpals begin Lo ossify about the tenth or 
day, bub remain distinct from one another until about a month 
after hatching, when they begin slowly to unite together; the 
fusion of the metacarpals with the distal row of carpals does not 
occur until some time later, 


5. The Pelvic Girdle. 

‘The pelvic girdle, about the sixth day, consists of a somewhat 
squarish plate on either side of the body, the central part of 
which is at first directly continuous with the fomur, ‘The dorsal 
border of the plate corresponds with the iliac region, which at 
this stage does not extend over more than about three 
differing in this respect very markedly from its condition in the 
adult. From the ventral and anterior border of the plate two 
processes, prepubic and pubic, project downwards and forwards ; 
and from the ventral and posterior border u brond ischiatic jpro- 
cees projects downwards and inwards, 

During the seventh day, the femur becomes separated off 
from the hip girdle; the ilium extends rapidly backwards along 
the vertebral colurm id more slowly forwards; the ischinm 


beyond | this, The Fie process, which, both in its cartilagi- 
nous condition and whon ossified, appears to belong tothe iliam 
rather than to the pubes, forme in the adult & small blant 
process, projecting from the anterior and ventral border of the 
acetabulum. 
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6, The Hind-limb or Leg. 

‘The femur, and the tibia and fibula, present no special 
points of interest in their dereloy 

"The tarsus consists, on the seventh day, of a proximal row of 
two tarsal cartilages, of which one represents the tibiale and 
intermedium, and the other the fibulare of the typical tarsus; 
ond a single distal cartilage, which shows indications of ite for- 
amation from three centres. At a later stage the proximal tarsal 
eartilages fuse together ; and about the fourteenth or fifteenth 
day the proximal tarsals fuse with the distal end of the tibin to 
form the tibio-tarsus, while the distal tersal cartilage fases with 
the metatarsals to form the tarso-metatarsus. 

Tn the pes, the firet digit, or hallux, is represented by aghort 
metatarsal, of which the proximal end is never present; and two 
phalanges. ‘The second, third, and fourth digits are approximately 
equal in size, having well-formed metatarsals, and three, four, 
and five phalanges respectively, The fifth digit is 
by a small nodule of cartilage on the outer, or fibular, side of the 
proximal end of the fourth motatarsal, 

‘The three fully-developed metatarsals, ie. the second, third, 
and fourth, remain distinct, though elosely apposed, until about 
the beginning of the third week of incubation, when they fhse 
with one another and with the distal farsa cartilage, 


DEVELOPMENT OF THE FEATHERS, 


‘The foathors are formed by special moilification of the epi- 
dermal coverings of papilla, which appear as projections of the 
skin about the eighth day of incubation. 

Fach of the permanent feathers is preceded by an embryonic 
or down feather, the mode of development of which is us follows. 
Atsoak the cighth day small conical projections of the skin appear, 
the foather papillw, cach consisting of a central core of vas- 
cular connective tissue, covered by a cap of epidermis, As tho 
papilla increase in height, their bases become depressed below 
the general surface of the skin. This depression ix most marked 
on the surface of the papillie towards the tail ond of the embryo, 
and gives rise to the chamcteristic backward slant of the feathers, 

The epidermal cap of each papilla consists of a superficial, 
or epitrichial, layer of fattened payement cells, und a deeper or 
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of epithelia! ridges is formed on them, and gives rise to the 
permanent feathers, the development of which is essentially 
similar to thot of the down feathers. The permanent feathers, 
as thoy are developed, gradually make their way to the surface, 
replacing the down feathers, the nutrition of which is cut off by 
farther narrowing of the opening, or inferior umbilicus, at the 
base of the quill. 

Feathers do not develop uniformly over the entire surface of 
the body, but along certain definite lines or tracts spoken of ax 
pterylia, and separated from one another by naked oreas or 
apteria; the actual arrangement of these feathered and foathor- 
less patches varying considerably in different groupe of birds, 


Liat of the mors important Publications dealing with the 
development 4 


of the Chick, 
Vou Baer, K. B.; ‘Usher Entwickelanzsgeschichte der Thiere,’ Kénigsbeng, 


1828, A 
Balfour, F. M.:*The Development and Growth of the Layers of the Mlasto- 


‘the Development of the 


Points in 
Mattcan Duct? Guustedly Journal of Microecopical Science, vol. xix. 
879. 


Parovarium resp, der ply bel HUbner Blologisches Central 
Diatt, ix. 1889. 
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Cuarren V. 
‘THE DEVELOPMENT OF THE RABBIT. 


PRELIMINARY ACCOUNT. 


‘Tne rabbit: may conveniently be taken ass typical member of 
the Mammalia, the highest group of Vertebrates. 

Mammals differ notably from the animals dealt with in the 
previous chapter in being viviparous; that is, in bringing forth 
their young alive, instead of laying eggs. ‘This difference, though 
at first sight. striking one, is really of but secondary importance ; 
and the actual processes of development of the Mammal are 
effected in the same way as in the oviparous Vertebrates. 

Amphioxus and the frog lay their eggs in water, and the eggs 
tare not even fortilised until they have left the body of the mother. 
fn the Bird the oggs are fertilised as they leave ele 
enter the oviduct, and the earliest stages of 
effocted during the passage of the egg down the oviduct ; the He 
ab the time of laying having already been developing for eighteen 
hours or more. Towever, although development, in the case of 
the bird, commences while the egg is still within the parent, it 
is only the carlicet phases—segmentation of the egg and the 
establishment of the germinal layers—that are effected im this 
position; the formation and development of the embryo itself not 
commencing until after the egg has been laid, 

Tn the Mammal, on the other hand, the ovum is retained 
within the oviduct and uterus of the mother for a very much 
longer time ; and the whole embryonic development is completed 
before leaving the parent; the young Mammal at the time of 
birth being fully formed, and of considerable size, though not 
yet fit for independent existence. 

‘The rabbit embryo, like that of other animals, is developed 
from an ovum or egg, which, as in other animals, is a single 
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From the large size of the young rabbit at birth it might be 
inforred that the rabbit's ova or eggs were large. This, however, 
ie not the case ; the egg of the rabbit is really very emall indeed, 
and, at the time it leaves the ovary, measures only 0/116 mm. in 
diameter, i.e. is practically the same size as the egg of Amphi- 
oxus, and only a fifteenth the diameter of the frog’s egg. 

It is clear that this very small egg could not develop into an 
animal the size of a rabbib ab birth unless it received n very 
plentiful supply of nutriment from without; and inasmuch as 
the whole increase in bulk takes place while the embryo is 
within the uterus, it follows that there must be some arrange- 
ment in the uterus for supplying it with food. 

‘This is effected by means of a special organ known as the 
placenta, in which blood-vessels, derived from the embryo and 
from the mother respectively, lie side by side in very cleee and 
‘extensive contact with one another. ‘The two sets of blood-vessels, 
foetal and maternal, are distinct, but interchange of fluid and 
gaseous contents takes place readily, by diffusion throngh their 
thin walls, and in this way the blood of the embryo receives 
nutrient matter from the blood of the mother during the whole 
period of gestation. 

The placenta is formed practically by the allantois, which 
develope as an outgrowth from the alimentary canal of the 
embryo, and which at an early period becomes closely attachad 
to the wall of the uterus of the mother. The blood-vessela of 
the allantois are, as in the chick, directly continuous with those 
of the embryo; and, by the outgrowth of vascular processes 
of the allantois into the walls of the uterus, the vessels of the 
embryo are brought into intimate relation with the large, 
dilated, and very thin-walled blood-veasels of the uterus itself. 

Althongh the eggs of the rabbit, like those of nearly all 
other Manumals, are very small indeed, yet in the mode of their 
development they agree in several respects with the lange eggs 
of the bird, rather than with the amaller ones of the frog, or of 
Amphioxus. A large yolk-eac, for instance, is formed from the 
rabbit’e ovum, although it contains no food material whatever ; 
the embryo appears in the middle of the blastoderm, and there 
is a well-marked primitive streak present; while the formation 
of the amnion and allantois are further points of resemblance 
with the chick, and of difference from the frog or Amphioxus, 
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Tn @ rabbit embryo of about the eleventh day, a pair of 
ridge-like thickenings of the peritoneal epithelium appear, close 
to the mesentery, and along the inner sides of the Wolffian 
bodies. These genital ridges (Fig. 165, on) constitute the earliest 
stage in the development of the ovaries, and are at first caused 
mervly by an alteration in the shape of the epithelial cells of the 
peritoneam, which, elsewhere flattened, become here columnar, 
through an increase in the thickness of the epithelium, which 
becomes two or three cells deep; and partly throngh the in~ 
growth into each ridge of an axial core of connective tissue. 

‘The genital ridge (Fig. 165) lies very close to the Wolffian: 
body; and, about the fourteenth day, solid columns of cells grow 


become less conspicuous, and withdraw more or less comp! 


from the ridge. They have nothing whatever to do with the 
formation of the ova. 

In a rabbit embryo of the eighteenth day the genital 
have grown considerably, and project: into the body cavity as 
pair of longitudinal folds, close to the age of the 


the tubuliferous tissue, with numerons blood-vessels and 9 small 
amount of connective tissue. 

By the twenty-seoond day the germinal epithelium has 
increased considerably in thickness; and among the cells of 
which it consists are some of larger size than the rest, these 
larger cells being the primitive ova. By the twenty-eighth day, 
de. about two days before birth, the genital ridges ans still 
larger ; the germinal epithelium covering their surface ix much 
thicker than before, and its deeper layers are honeycombed, or 
broken up into irregular columns, by ingrowth of the vascular 
‘connective tissue from below, 
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ova fase together to form a bisnuclswr or pely-nuclear mass, it 
which all the naclei but one may disappear, the fused mass 
with the remaining nucleus becoming a permanentoram; while 
in other cases it is stated that after a follicle bas been formed 
round the fased mass, the entire mazs, with the follicle, may 
divide into two or more permanent ova. 

‘The ‘development of the permanent ova proceeds from the 
supface of the ovary towards its deeper parts, In young 
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rabbits, about 4 week after birth, the surface epithelium of the 
ovary contains numerous primitive ova im process of formation ; 
deeper down, beneath tho tunics albuginea, are nests of opi- 
thelial cells in which aro permanent ova in the carly stages of 
their formation, surrounded by imperfectly formed follicles ; 
while still lower, in the deepest parts of the germinal epithelium, 
the neste are in many places broken up into isolated follicles, 
each containing a large and well-formed permanent ovum, 


*= 
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Having reached its full «ize, the Graafinn follicle raptares at 
its most prominent part, and the ovum is discharged on the 
surface of the ovary, from which it is normally taken ap at once 
hy the fimbriated month of the oviduct. After discharge of the 
ovum, the walls of the Graafian follicle undergo # series of curious 
changes, which will be more fully described in the chapter deal- 
ing with tho human embryo, and which result in the formation 
of the corpus luteum, a body which disappears carly if the ovam 
is not fortilised ; but which, if the ovum is fertilised and develops 
into an embryo, persists in the ovary daring the whole period of 
angst ee is even recognisable at the time of birth of the 

oung rabbit. 

en OF the two layers of the Graafinn follicle, tho'outor (Fig. 133, 
GB) is sometimes spoken of as the tunica granulosa; and the 
inner, GC, as the disous proligerus ; these names, however, and 
especially the Intter one, are badly chosen, and it: will be well if 
they drop out of use altogether. 

The ovum, surrounded by the inner layer of the Graafian 
follicle, may be attached to any part of the outer layer of the 
follicle: it not uncommonly lies at the side nearest the surface 


of the ovary, but it may occur at the opposite or deepest part af 
the follicle, or at any other part of its inner surface. 

‘The meaning of the Graafian follicle has been mach debated ; 
the most probable explanation seems to be that it is in some 
way associated with the great diminution in size which there is 
strong reacon for thinking that the ovum has undergone during 
the evolution of the existing types of Mamrals, 


3. Maturation of the Egg: 

The nucleus of the ovum is at first centrally placed: but 
some time before the Graafian follicle reaches its full development, 
the nucleus moves towards the surface of the ovum, The exact 
changes that then occur have not been determined with certainty 
in the case of the rbbit : so far as they are known, they agree 
closely with those already described in the cae of the frog. 

A thin, homogeneous yitelline membrane is formed within 
the zona radiata, and spparently from the egg itself’: the nacleus 
of the egg becomes inconspicuous; the yolk retracts slightly 
from the vitelline membrane, and the first polar body is extruded 
from the egg. 
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the buck immodintely after giving birth to young; and at 5 
period, estimated by different observers at from eight to twelve 
honrs after impregnation, the ava are liberated from the ripe 
follicles. 

At each period of ovulation, from three to nine ova are ak a 
tule discharged from each ovary; the several ova being set fee, 
not absolutely at the same moment, but within a very short 
time of one another. 

Although ovulation, or the dischange of ova from the ovaries, 
usually occurs a few hours after impregnation, and is probably 
stimulated by this, it should be regarded as an essentially inde 
pendent act, a point of view that will be more fully considered 
in the next chapter. 

5, Fertilisation. 

Fertilisation appears to occur in the rabbit, as a rule, from 
eight to twelve hours after copulation, the interval being due, 
not to the time taken by the spermatozoa to travel up the uterus 
and oviduet, for this is effeeted, according to Honscn, in from a 
quarter of an hour to two hours; but to the fact that the dis- 
charge of ova from the ovary does not take place until eight to 
twelve hours after copulation, 

‘The act of fertilisation is effected, a4 a rule, directly after the 
eggs enter the oviduct: and, in eggs taken from the upper part 
of the oviduct, spermatozoa may be seen in considerable numbers 
imbeddod in the zonn radiata, or lying in the spacd between the 
vitelline membrane and the egy, farmed by the shrinking of the 
latter, 

‘The details of the process of fertilisation have not been acen- 
rately determined in the rabbit, Fusion of a spermatozoon with 
the female pronuclens has been scen by Van Beneden; and there 
is no reagon for supposing the process to differ from what is 
known to occur in other animals. 


THE EARLY STAGES OF DEVELOPMENT. 


It will be convenient to deal, in the present section, with the 
changes undergone by the egg up to tho end of the seventh day, 
During the first three days the egg is travelling down the ovi- 
dnet, and passing through the stages of segmentation ; at the end 
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‘The larger calla now become grouped together in the cantre, 
while the smaller cells form a cap lying on these, and partially in- 
closing them, In the later stages, the smaller outer cells divide 
rather more rapidly than the larger cells, and inclose these more 
completely ; and at the close of segmentation, about the seventieth 
hour, when the ovum passes from the oviduct into the uterus, it 
eonsiets of a central solid mass of mther larger and more granular 


Fre, 136. Fig, 137, 


Fru. 196—A Rabbit's Ovum from the middle of the length of the oviduct, 
‘ahout twenty-two hours after copulation, showing division of the ovum 
into oxo (Aftor Bischof.) 200, 
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Pig. 197 —A Rabbit's Ovum trom Whe lower end ef the oriduct, ‘eighth 
muidvile of the third day ; sh she mee eng tty 
completion of segmentation. (4 

cells (Fig. 138, cp), almost completely surrounded by a layer of 

rather smaller and more transparent cells, slightly flattened at 

their outer ends (Fig. 138, 0); the langer cells being visible on 
the surface at one spot only. 

Tn the size of the eggs there is a close agreement betweon 
the rabbit and Amphioxus; the rabbit's ovum measuring on an 
avernge 0-116 mm, in diameter, and thatof Amphioxus measuring: 
(104 mm. The two eggs agree also in undergoing complete 
or holoblastie segmentation, and in the blastomeres, or cells 
formed by segmentation, differing very little from one another 
Th s1z0, 

‘The comparison, however, must not be pushed too far. ‘The 
‘actual arrangement of the cells is entirely different in the two 
cases: the rabbit's ovam does not pass through a gastrula stage 
(ef. Figs, 15 and 16); and there is no stage in the development 
of Amphioxus similar to that represented for the rabbit in Fig. 
138, 
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Tn the spreading of the smaller cells over the larger ones, the 
rabbit and the frog appear to agree; but the details of the process 


oe, 


Fie, 138, Fic, 199, 


Fic, 138.—A_ Rabbit's Ovwe seventy boar after oepulation, taken from the 
lowor end of the oviduct just before entering the uterus, and showing the 
gondition at the clos of segmentation, (After Vax Benen.) 200, 

Fig. 189.—A Rabbit's Oram seventy-five hoare after gt ag cpt ahr 
nteros, and showing the first stage in the formation of the blastedermic 
vesicle. (After Yan Beneden.) «200. 


OO, outer layer of este CD, inner mass of colle. OV, curity of biastédermis westile, 


have not beon accurately determined in the rabbit's ovum, and 


it is doubtful how far the correspondence is a real one. 


2. The Blastodermic Vesicle. 

On entering the uterus, at the ond of the third day, the ovam 
has the stracture shown in Fig. 138 and described above. It is 
spherical in shape, with 9 diameter averaging 009 mm. te. is 
slightly «maller than the unfertilised ege. It is eurrounded by 
the vitelline membrane and zona radiata as before ; and outside 
the latter are the concentric layers of albumen, which are de~ 
posited round the egg during ite paseage along the oviduct, and 
which have a total thickness of abont 0:1 mm. 

From three to nine ova are usnally discharged from the ovary 
at each period of ov . hese enter the uterus almost 
simultaneously, and at first lie close together at its proximal 
end. As development proceeds they gradually become spread out 
along the uterus, at approximately equal intervals; each ovum 
lying in a epecial dilatation of the uterus, to the wall of which 
it becomes attached during the eighth day. 

Very shortly after the egg enters the uterus, and in some 


eases before it leaves the oviduct, the swaller outer cells grow 
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completely round the larger inner cells, which from this time 
they surround on all sides. 

‘The outer layer of cells now begins to grow rapidly; the 
central or inner cells remaining attached to the outer Jayer at one 
spot, but becoming separated from it at all other parts, By about 
the seventy-fifth hour, ic. four or five hours after entering the 
uterus, the ovean has acquired the structure shown in Fig. 180: 
the outer layer of cells, cc, forms a hollow ball, about 0-12 mm. 
in diameter, to the inner surface of which the mass of inner cella, 


i] 





Fie, 140,—B8ection of the blastodermic vessel of » Rabbit at the end of the 
fourth day. (After Van Beneden.) «260, 
aS otter lager of eis CD. toner tenttenar mass at exile EV, envy ot the 
cp, is attached at ons spot, the rest of the cavity af the ball, cv, 
between the outer and inner cells, being filled with fluid. 

‘The growth of the ball, cr blastodermic vesicle, us it is now 
termed, proceeds rapidly; and by the end of the fourth day, ie. 
about twenty-four hours after entering the uterus, the stracture 
and proportions are as represented in Fig. 140. The vesicle is 
still spherical, measuring on an average about 0:23 mm. in 
diometer. It consists of an outer wall of flattened polygonal 


aad 
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more than one cell thick, the name embryonal area may be 
given, as it is from the central portion of this that the embryo is 
developed. 

‘The mode of formation of the germinal layers in the rabbit 
bas been very differently described by different observers, and 
there are several points, even of primary importance, that are ss 
yet imperfectly understood. ‘The following description ix based 
on the independent observations of Rauber and of Kolliker, 
which appear to be the most exact; but the account, though 
consistent in itself, makes it very difficult to establish any com- 
parison between the mode of formation of the germinal Inyors 
in the rabbit and that occurring in other Vertebrates, or even in 
other Mammals ; and it seems not at all improbable that further 
investigation may necessitate considerable modification in the 
interpretation to be put upon the appearances described. 

‘The great length of time that is occupied in the process, ax 
compared with the chick or frog, for example, is 
and may perhaps be taken as an indication that the actual 
mode of development is a much modified one. 


‘The fourth day, At the cud of the fourth day, a alrendy 
described, the wall of the blastodermic vesicle is one cell thick, 
except in the embryonal area, where cells of two kinds are 
present (Fig. 140). 


The fifth day. During the fifth day, the cells of the outer 
layer become thinner and larger; they also increase in number, 
by division, as the blastodermic vesicle grows larger, In the 
embryonal area the cells of the outer layer have the same 
charactors as in other parts of the vesicle. 

The granular cells forming the inner layer of the embryonal 
area, on the other hand, undergo important changes, They 
increase in number by repeated division ; they become smaller 
in size; and they extend further round the interior of the 
vesicle. But the most important change is that they become 
arranged in two layers )) an upper layer of cells with large 
nuclei, rather wider they are long, and closely fitted 
together at their edges so that the outlines of the cells are 
difficult to determine ; (ii) a lower layer of very thin flat paves 
‘ment cells, similar to those of the outer layer of the vesicle, but 
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‘The sixth day. By the end of the sixth day, the blastodermic 
vesicle has a diameter of 3 to 5% mm., and the embryonal area, 
which is still approximately circolar in outline, measures 0-75 
mim. across. 

In the embryonal area the upper layer of cells, or Rauber's 
layer, is thinner than before, and very difficalt to recognise in 
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Fie. 11.—A vertical seetion across the embryonal atea of the biustedermie 


sections. The middle layer of cells, or epiblast (ef. Fig. 141, x), 
is rather thicker than before, owing to x change in the shape of 
the individual cells, which are now columnar in place of being 
cobieal. ‘The lower layer, or hypoblast, consists, ax before, of « 
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the broader end of the embryonal aren may be called the 
anterior end, and the narrower one the posterior end. 

As regards the structure of the embryonal area, Ranber's 
layer has disoppeared almost completely; a few individual cells 
may still be recognised here and there, but there is no longer 
continuous stratam of cells. Im consequence of the disap— 
pearance of Rauber’s layer (ef. Tig. 141), the embryonal area 
now consists of only two layers of cells:—(i) the epiblast, or 
former niddle layer, which now becomes the superficial layer, 
consists, as before, of a single layer of short columnar cells; it 
thins towards the margin of the embryonal area, and at ite 
margin is said to become continuous with the outer layer of 
cells, or epiblast cells of the reat of the blastodermie vesicle ; 
(ii) the hypoblast, in the embryonal area, has the same characters 
as before; beyond the embryonal area, it has now extended about: 
half way round the inner surface of the blastodermic vesicle. 

‘The blastodermic vesicle at the end of the seventh day is, 
therefore, un ellipsoidal sae filled with fluid. Ite wall consists, 
in the upper half of the vesicle, of two layers of cells, epiblast 
and hypoblast; in the lower half, of a single layer, the epiblast 
alone. In the middle of the upper half of the vesicle is the 
embryonal area, which is also two-layered, but in which the 
epiblast differs from that of the reat of the vesicle im consisting 
of columnar instead of pavement cells. 


4. The Primitive Streak and the Mesoblast, 

Towards the close of the seventh day, the primitive streak 
appears. ‘Chis structure, which in the mode of its formation, 
and in its relations to other parts, agrees closely with that of the 
chick, is at first an axial thickening of the epiblast at the 
posterior, or narrower, end of the embryonal area, Tk rapidly 
lengthens, and by the end of the seventh day (Pig. 143, rs) 
it extends, as a linear opacity, along about two-thinds of the 
Jength of the area, having a faint longitudinal groove, the primi- 
tive groove, along ite dorsal surface. 

‘Transverse sections at this etage (Fig. 142, 1s) show that 
the primitive streak is formed by proliferation of cells from the 
under surface of the epiblast, in the median plane. 


The mesoblast. ‘The cells of the primitive streak spread 
ont, beyond the margins of the thickened streak itself, as two 
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closely, as just noticed, with the area pellucida of » hen's egg 
about the sixteenth hour of incubation. 

The formation of the rabbit embryo is also effected in very 
similar fashion to the chick, The embryonal area increases in 
size, especially by growth at its anterior end. Immediately in 
front of the primitive streak a neural groove (Fig. 144, xo) ix 


FIG. 145—A Rabbit Xmbrro at the end a the ninth day. ‘The entire blasto- 
dermic vesicle is represented, with the embryo ix ify, as sein from the 
oral surface, (Of, Fig. 140, which leloows an embryo af thesme age 
fn sagittal section.) 1 

sro Fie 
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formed, bordered by neural folds, xr, which speedily anite, con- 
verting the groove into a tube. 'This tube becomes the central 
nervous system, and in its anterior or cerebral part the several 
Urnin vesicles are early established (Fig, 145). 

By means of head, tail, and side folds the embryo is con= 
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body, to which the yolk-stalk is attached, remaina in the same 
position a8 befors, the head and neck, which have greatly in- 
creased in size, are bent downwards at right angles to the trank, 
and, pushing down the wall of the yolk-soc before them, appear 
to project into this Intter: the head and neck are, however, 
really separated from the cavity of the yolk-enc, as shown in 
Fig. 147, by the wall of the sac itself. 'The hinder or tail end 
of the embryo, the basal part of which is alone shown in 


Rabbit Embryo and blastodermic vesicle at the enrl of the tenth 
day. The embryo ts Topresented in surface view from the right side, the 
course of the alimentary canal indicated by the broad dotted Tine ; 
the blastodennic vesicle is shown in median long¥Widina). or sagittal section. 
Tho greater part of the thil, which in the naturMl condition jx twisted 
spirally, has been removed, (In partafter Van Beneden and ulin.) % 10, 
AN" AX. aminjonie cavity, between wie ng See aro anh i 
subieyo, 'C,earraembryonie part of the corona oF bely-oarit; ste 
Spec uy tdch ne Uswuslertae vice fe tached to Sule as faa 
oun garg oft racers aft iary reasin WK, eatin i vs: QP 
gon GH sates. GT. mit i OF tan ‘net 
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Fig. 147, has also grown considerably, und is wrapped spirally 
round the stalk of the allantois, 
By the twelfth day the embryo has acquired the form she 


4 
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in Fig. 148. The several divisions of the brain aré clearly re- 
cognisable, a8 are also the nose, and the eyes and ears. On the 


Fro. 148,—A Rabbit Bmbryo and foetal appendages at the end of the twelfth 

ombryo ix represented in surface view from tho right aide; the 

anesare shown in median Tomgfesalsat orsagttal 

jection. ‘The hind-limb and part of the tall have been remared to allow 

the yolkastalle ani allantoic stalk to be fally seen. In part after Vats 
Beneden and Julia, <8. 
AX. anonlonte eweity, bot 


rity of yolbome oF this 


sides of the hend and neck the visceral arches and clefts are 
well seen; and both fore and hind limbs have attained consider 
able size, and show indications of division into their several 
segments, 

‘The twelfth-day rabbit ombryo corresponds closely in form 
and in stractore to a chick embryo of the middle of the sixth 
day, und is of very nearly the same actual size. ‘The chief 
of difference between the two are the much smaller size of the 
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Lrain and of the sense organs, more especially the eye, in the 

rabbit, ‘ 
‘The first trace of the neural groove appears in the chick 

embryo about the eighteenth hour of ineubation, and in the 


two embryos; the twelfth day rabbit embryo corresponding to 
the chick embryo about the middle of 
the sixth day. 

By the twentieth day the rabbit, 
embryo has attained the shape and size 
shown in Fig. 149 ; ingrade of develop- 
ment, and also in actual dimensions, 
it corresponds very closely to a chick 
embryo of the twelfth day. 

‘The young rabbit is born on the 
thirtieth day, i.e. about twenty-two 
days from the time of first appearance 
of the neural groove, the earliest formed 
organ in the body. ‘The chick is 
hatched on the twenty-first day of 
inenbation, or rather more than twenty. 
days from the same starting-point. 
The young rabbit at birth is of con- 
siderably greater bulk than the chick 
on hatching, but is in a far more helpless condition ; the eyelids 
ary still united together, and the young animal is quite incapable 
of looking after itself, and would perish but for the supply of 
mille afforded it by the mother. 


2. The Yolk-sac. 

The yolk-ano is the extra-embryonic portion of the blasto- 
dermic vesicle; i.e. the part which is left after the embryo is 
constricted off by the hend, tail, and side folds. 

‘The yolk-sac (Pigs. 146, 147, 148, v3), though corresponding 
in its mode of formation, and in its relations to the embryo, with 
the yolk-ssc of the chick embryo (ef. Fig. 100), differs from this 
latter in one very important respect. The yolk-sac of the bird 
is filled with food matter for the nutrition of the embryo, and 
affords the supply of nourishment at the expense of which the 
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Wena onprinmeal statin rae 
tact with the wall of the uterus, the hypoblast of the ne 6 
lying in contact with the uterine epitheliam, 

‘About the eighth day, irregular epiblastic buds 16, 
147, ux) arise from the surface of the lower, or half 
of the yolk-sac. ‘These acquire close attachment to the mucous 
membrane of the uterus, and aid in fixing the blastodermic 
vesicle in position, while it is possible that they have ala sore 
nutritive function. ‘They begin to degenerate about the ninth 
day, and by the fourteenth or fifteenth day haye disuppeared. 


3. The Amnion. 

‘The amnion of the rabbit, while agreeing in most respects 
with that of the chick, differs from this in the prominent liare 
taken by the tail-fold, which, as was first pointed out by Van 
Beneden and Julin, practically forms the whole atmnlonie 
covering of the 

On the ninth day, as already mentioned, there it, immediately 
in front of the head of the embryo, a patch of the blastoderm, 
roughly circular in oatline (Figs. 145, 146, 4x*), into whieh the 

which therefore 
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Up to the seventh day the blastodermic vesicle lies 
freely in the uterus (Fig. 168), but towards tho end of the 
seventh day it begins to acquire adhesions to the uterine wall, 
"Thess are effected partly by the small epiblastic villi of the lower 
pole of the vesicle (Fig. 146, nk), but principally by the epiblast 
cells of the vascular area: these latter proliferating freely over a 
horse-shoo-shaped patch (ig. 145, B'), which surrounds the sides 
and hinder end of the embryonic region ; and growing out into 
irregular tags and processes, which adhere firmly to the wall of 
the uterus. By the ninth day (Pigs. 145, 146, and 109), this 
adhesion has become so firm, thab, if the blastodermic vesicle is 
pulled away from the uterus, the thickened epithelium over this 
horse-shoe area 1a iva el ee 
the uterine wall. 

By the teath al (Fig. 117), the allantois has come into 
extensive contact with the wall of the blastodermic vesicle 
beneath this area of attachment; and the blood-vessels of the 
allantois are thus brought very close to the uterine vessels of 
the mother, By a further series of changes, which will be 
fally described later on in this chapter, the eurface of contact 
between the maternal and fatal blood-voseels is grontly in- 
creased, and the highly complicated structure of the placenta ie 
gradoally elaborated (cf. Fig. 170). 


DEVELOPMENT OF THE NERVOUS SYSTEM. 
1, General Account. 


Tn the rabbit, as in the chick and other Vertebrates, the 
nervous system ix established very early. The neural 
(Fig. 144, Na) appears, about half way through the eighth day, 
5 a shallow longitudinal depression, in front of the primitive 
streak, and bordered laterally by the noural folds, 

‘The neural groove rapidly increases, both in length and in 
dopth. By the end of the ninth day (Fig. 145) the lips of the 
groove have mot and fused along the greater part of their length, 
though still remaining separate at both the anterior and pox 
terior ends. ‘The distinction between the wider anterior part, or 
brain, and the narrower posterior portion, or spinal cord, is very 
evident; and the vesicles of the fore-brain, mid-brain, su, and 
hind-brain are already well established. 

= wee 








Fig, 160—A smedian longltndiual or gittal eeotion through a Rabbit 


‘atthe end of the twelfth day.” ‘The soction is a strictly modian one exoept 


‘w.two respects: the ceretral homisphere of the left side hax been intro« 
duced in order to render the figare more complete; and the Wolffian Lody 
and ureter of the right side. ‘The terminal portion of the tail bas been 
removed. (Compare Vig. 161 for a surface view of on embryo of the 
mame nga) x1. 
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irregular hollow outgrowths arise; ab a Jater stage these out- 

growths become solid, and separate completely from the stalk, 
In front of the pineal body the roof of the third ventricle, 


Pi, 161.—A weaian longitudinal, or sagittal soction through the heail of a 
Rabbit Babryo of the eighteenth day. (Compare Fiz. 119 for a surface 
view of an enibryo ut n slightly later atayo.) x 10. 
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whioh is here excessively thin, becomes thrown into folds, which 
hang down into the cavity of the ventricle (Fig. 161, xa}. Bes 
tween these folda blood-yesvels pass in, from the vascular méso= 








THE BRAIN. 877 


hollow ; and their edvities, the lateral ventricles, retain through- 
out life their communications with the third ventricle through 
the foramina of Monro. a pair of apertures which are at first wide, 
but which gradually become reduced, by thickening of their lips, 
to narrow slits, 

‘The cerebral hemispheres first become prominent aboot the 
twelfth day (Fig, 150, 1s); from this date they grow actively, 


192—The imatn dissected from above. Enlarged. (From Marshall 
and Hurst.) 
G. tater utr af geen. CA wars of carte. GB. cut aie ot Yl 
westulee LO. « ~ rt oat Lj 
* forulas 


sce cu 
ial Lnolye “Vda vent 


extending forwards, and still more rapidly backwards, #0 as to 
overlie and cover the roof of the thalamencephalon, and at a later 
stage the mid-tenin as well (of. Figs. 161 and 152), 

‘The wall of each hemisphere ix at first thin on al) sidea, and 
the cavity, or lateral ventricle, is consequently large (Fig. 151). 
‘The inner wall remains thin, but the outer wall (Pig. 152) 
thickens considerably in the later stages of development; while 
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the anterior, middle, and posterior commissures of the third 
ventricle, Their dovelopment is complicated, and difficult to 
follow. 

In front of the lamina terminalis, the two hemispheres extend 
forwards aide by side, very closs to each other (Fig. 152), but 

by a median eleft in which lies the connective tissue 
lamina from which the falx cerebri ix formed. At the hinder 
end of this cleft, just in front of the lamina terminalis, the walls 
of the two hemispheres come in contact and fuse; and from this 
fused patch, which is somewhat triangular in shape as seen in 
sagittal eection, the commissural bands are formed. The corpus 
callosum (Fig. 153, cc), the most important of them, is formed 
from the dorsal part of the fused pateh ; it develops from before 
backwards, the anterior end being formed first. The fornix, in 
which the fibres are mainly longitudinal in direction, is formed 
from the ventral part of the patch ; and the anterior commissure 
from its hinder end, just in front of the lamina terminalis. Tt 
is uot quite clear whether the fifth ventricle (Big. 153, vy) i 
formed by tho breaking down of the central part of the fused 
patch, or is merely a persistent part of the original cleft between 
the two hemispheres. 

‘The surfaces of the hemispheres are at firsb smooth, and even 
in the adult rabbit are only slightly convolated. The eonyolu~ 
tions arise ag foldings ar grooves of the surface, extending to a 
grenter or Joss depth, and are classed as primary or secondary 
according to whether they are folds involving the whole thickness 
of the wall of the hemisphere, or mere grooves in its substance. 

‘The olfactory lobes appear, about the fourteenth day, as a 
pair of hollow outgrowths from the ventral surface of the antcrior 
ends of the cerebral hemispheres; by the eighteenth day (Fig. 
151, ny) they have become prominent structures. 


The mid-brain. Tn the early stages, up to about the twelfth 
day (Fig. 150), the mid-brain is very imperfectly marked off 
from the fore-brain ; Inter on (Fig, 151), the boundary between 
the two divisions becomes well defined. 

As compared with the chick, the mid-brain of the rabbit ix 
of rather smaller size, and less prominent: it is further dis 
tinguished by its tendency to grow backwards over the hind- 
brain, a tendency already present on the twelfth day (Fig. 150), 





Shas anise sk ee 
lobes of the mid-brain on the eighteenth day (Pig. 151) com- 
pletely overlapping the cerebellum, mt, 

‘The roof of the mid-bruin gives rise to the corpora quadri- 
gemina. A transverse furrow first appeurs, dividing it into a 
larger anterior, and o smaller posterior portion; the anterior 
portion soon becomes divided, pdetennpeea cme | 
inte the anterior lobes of the corpora quadrigemina, or 
Da wise: pation otechangiig eka 
until a much later stage. 

‘The floor of the mid-brain forms the very sharp bend at the 
‘base of the brain which has already been noticed (Figs. 150 and 
151); a8 in the chick, it becomes greatly thickened on the 
formation of the longitudinal pillars of nerve fibres known as 
the crura cerebri (Fig. 154, cc), which counect tho optic 
thalaimi and corpora strinta with the hind brain. 


‘The cerebellum is developed from the roof of the anterior part, 
of the hind-brain, in much the same way asin the chick. On 
the tenth day (Fig. 147) o slight thickening is formed across 
the roof of the anterior end of the hind-brain; by the twelfth 
day this has become more conspicuous (Fig. 150, W.), but is 
still only a slightly thickened transverse band. By the eigh~ 
teenth day (Fig. 151, 2u) it has increased considerably in 
thickness; and, shortly after this stage, it becomes folded trans= 
versely on itself, as in the chick (of. Fig. 116, et), Secondary 
foldings appear on ite surface, and the complicated strncture of 
the adult cerebellum is gradually acquired. 

Of the several parts of the adult cerebellum (ef. Fig. 152), 
the median lobe, or vermis, is the first to be formed; the lateral 
lobes and floceular lobes appearing at a much later date. 

Tmmediately in front of the cerebellum, between it and the 
mid-brain, the roof of the brain becomes extremely thin, forming 
the velum medullm anterius (Fig. 153, va), which is ultimately 
reduced to a single layer of epithelial cells devoid of nervous 
elements. 


The medulla oblongata is formed from the floor of the 
hind-brain, and from the part posterior to the cerebellum. The 
floor of the medulla oblongata remains thin in the netual mid- 





ventral plane (Fig. Ate); Sales pats of the floor, and the 
thicken ‘The roof of the fourth 


postorins . 153, 
vr); bet a short: way farther back it becomes thrown into.& 
complicated series of folds (Fig. 151, xe), which bang down into 
the fourth ventricle, and between the layers of which the blood= 
vessels penetrate in large numbers to form the choroid plexus 
of the ventricle. 

‘The walls of the medalls oblongata consist mainly of longi- 
tudinal fibres. ‘The pons Varolii (Fig. 153 and 154, rv), the 
great transverse band of nerve fibres which connects the two 
halves of the cerebellum together, dewelops very late ; its posi~ 
ticm is indicated, about the eighteenth day, by the sharp reet~ 
angular bend in the floor of the medulla, opposite the cerebellum 
(Fig. 151). 


Before leaving the brain, it should be noted that, in spite ofthe 


complicated foldings which various parts of it undergo, and the 
extreme thinness to which its walls are redaced in places, notably 
in the roof of the third, and in that of the fourth ventricle, the 
cavity of the brain remains n closed one, and its walls ore not 
actnally perforated at any place. 

‘The membranes of the brain, ir. the pia mater and dora 
mater, are connectivestissue structures, of mesoblastic origin. 


8. The Spinal Cord, 

The development of the spinal cord of the rabbit need not 
be described in detail, as in all essential respects it agrees with 
that of the chick, 


4, The Histological Development of the Brain and the Spinal 
Cord. 


‘This will be moro fully dealt with in the chapter on Human 
Embryology. 

Tn the spinal cord, the changes undergone are essentially 
similar to those in the chick. The original walls of the neural 
canal give rise mainly to the grey nervous matter, the innermost 
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IL. The optic or second cranial nerve will be considered in 
the section dealing with the dovelopment of the eye, p. 387. 


Fig, 154—Tho brain of un adult Rabbit from the voutral surfaoe. Tho 
greater part of the lett temporal lobe has toen sliced off horlzontaly. 
Innes of the three semicirenlar canals of the left s{de nro indieatod 
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11, IV, and VE, The third, fourth, and sixth cranial nerves. 
‘There are no exact observations recorded on the development of 





these three nerves in the rabbit. From the time when they ean 
‘be clearly recognised, about the cleventh day, their course and 
relations are the eame as in tho adult, 

‘V. The trigeminal or fifth cranial nerve. This nerve con 
be recognised on the ninth day, at a stago immodiately after 
closure of the brain has been effected, ‘The nerve appeara at 
this stage as a pyriform ganglionic mass, the narrow end of 
which is in close contact with the dorsal surface of the 
while the rest of the nerve lies close alongside the 
extending about half way down its side. By the tenth day 
roof of the hind-brain has widened very greatly, and the root of 
the fifth nerve is now attached to the junction of the thin roof 
and thickened side of the brain. Before the end of the 


VIT and VIN. ‘The facial or seventh, and auditory or eighth 
cranial nerves are, a in the chick, very intimately connected, or 
actually continuous with cach other, from their first appearance, 
They can be recognised before the ond of the ninth day; and by 
the tenth day the facial nerve has acquired ite definite relation 
to the hyoid arch, as in a five-day chick embryo (Mig. 115). 

y pears to be continuous with the epi- 
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glion of the first spinal nerve, with which it is closely connected 
(of. Fig. 115). The roots of origin of the pneumogustric nerve 
converge to form a single large trank, which lies immediately 
behind the trunk of the glosso-pharyngeal nerve; it expands to 
form a largo oval ganglion, beyond which it divides into a small 
branch to the second branchial arch, and a much larger vieceral 
branch which runs backwards to the heart, lungs, and stomach. 

‘XI. The spinal accessory or eleventh cranial nerve. The 
development of this nerve has not yeb been determined in the 
rabbit. 

XIL, The hypoglossal or twelfth oranial nerve. Exactly 
opposite the roots of the pneumogastric nerve in rabbit embryos 
of the twelfth day, but arising from the medulla oblongata at a 
more ventral level, and nearer the median plane, is a second 
‘set of nerve roots. These are quite as numerous as the more 
dorsally placed pneumogastric roots, but are more slender ; they 
converge, and unite to form the hypoglossal nerve. Anatomically, 
the roots of the pueumogastric and hypoglossal nerves, at this 
stage, hnve relations closely comparable to thoas between the 
dorsal and ventral roots of a spinal nerve; but it is not yet 


clear whether this comparison has any morphological value. ‘The 
roots of the hypoglossal nerve are probably correctly regarded 
us belonging to the same category as the ventral spinal roots, 
but their relations to the roots of the pneumognstric must be 
considered at present as much more doubtful. 


‘The Spinal Nerves. 

The earliest stages in the development of the spinal nerves 
have not yet been described in tho rabbit. ‘The dorsal roote 
and the ganglia are clearly established by the end of the ninth 
day; the ventral roots develop later, apparently during the 
tenth day. 

The ganglia of the dorsal roots are ab firs of very consider= 
able width; almost as wide, in fact, as the mesoblastic somites ; 
80 that on the twelfth day there arc hardly any intervals between 
the spinal nervee, the eucceseive ganglia being practically in 
contact with one ancther along the greater part of the length of 
the spinal cord. 

Beyond the ganglia the nerves narrow rapidly, and haye the 
normal proportions, The main divisions of the spinal nerves aro 

co 
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‘The outer or cortical portion of the supraerenal body is 
developed from a mass of mesoblast cells which appears about the 
twelfth day, lying in front of the kidney, and between the aorta 
and the root of the mesentery. - 

‘Tho medullary portion of the supra-renal body is formed from 
a column of celle, which grows out from the longitudinal sym= 
pathetic cord about the fifteenth day, and makes its way into the 
tesoblastia mass which gives rise to the cortical layer, ‘This 
mode of development agrees with what is known as to the for- 
mation of the supra-renal bodies in other Vertebrates, but leaves 
BS real ape pag oh] ese tee SRE Ee eee 
undecided. 


THE DEVELOPMENT OF THE SENSE ORGANS, 


I, The Nose. 

‘There is very little of special interest about the olfactory 
organ of the rabbit, which resembles in most features of its 
development thab of the chick. A special diverticulam arises 
at an early stage from each olfactory sac, which acquires a 
separate opening into the mouth, through the naso-palatine 
canal, and becomes the organ of Jucobson, 


2. The Eye. 

‘Tho genoral history of development of the eye of the rabbit 
is vory similar to that of the chick; the formation of the optic 
vesicles as outgrowths of the fore-brain, the doubling up of the 
vesicles to form the optic cups, the pitting-in of the sucfuce 
-epiblast to form the lens, and the subsequent fate of the several 
parts being essentially the same in the two cases. One of the 
moet marked points of difference is the much smaller size of tho 
eye in the rabbit (of: Figs. 115 and 148). 


‘The optic vesicles arise: a4 lateral outgrowths of the fore- 
‘brain, at « very early stage. Before the end of the ninth day, 
is. before the fore-brain is closed dorsally, the optic vesicles 
(Fig. 145) are already conspicuous structures. The vosicles 
soon become constricted at their origins from the fore-brain, the 
constricted portions giving rise to the optic stalks, As the con- 
strictions proceed fram abuve downwards, the optic stalks remain 

cod 








artery (Fig. 155, 40), gains admittance to the interior of the 
eye. This artery supplies the retina throughont life, and daring 
the development of the eye supplies the vitreous body and the 
capsule of the lens as well. 

Of the two walla of the optic cup, the distal or inner wall 
(Fig. 155, 0¢) iz, from the first, much thicker than the proximal 
or outer wall, on; the difference being a very pronounced one by 
the fourteenth day. From the inner layer, 0c, the eutire thick- 
ness of the retina proper is developed, the rods and cones being 
processes from its outer surface, which do not appear until shortly 
betore birth. 

‘The outer and thinner wall of the optic cup, 0D, becomes con- 
verted, a8 in Vertebrates generally, into the pigment layer of 
the retina ; a stratum of hexagonal cells, closely fitted together, 
with which the retinal rods ultimately acquire very close rela- 
tions. Inthe cells of this layer, granules of pigment arc deposited 
at an carly stage; and up to a late period of development the 
black colour of the eye is due to this Inyer, the ¢horoid coat of 
the eye not developing, or acquiring pigment, until very near the 
time of birth (of: Fig. 156). 

Near the free edge of the optic cup, the two layers are of 
approximately equal thickness (Fig. 156), and grow forwards 
in front of the Jens to form the pigmented epithelium of the 
posterior surface of the iris. 


The optic nerve, It; is at pr-sent uncertain whether the 
fibres of the optic nerve of the rabbit are developed in site, 
from the walls of the tubular optic stalk, or whether, as seems 
far more probable, they arise in the retina and grow ij 
olong the optic stall to the brain, The nerve fibree fi 
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extend round its margin and cover the outer surface as well. 
‘There are no veins which correspond exactly to this artery, the 


Fig, 156.—A transverse nection across the head of a Rabbit Embryo of the 
twenty-first day, the section passing through the centres of the eyes Cof- 
co uy cA TBD. x8, 

“ne heute ean De fice at CC on De iene 
‘enn tn cartibone | MD, 
panera einige Bim 1C, Lune OF peti tnal 
&: eee ‘ap. OG, its OTs ecw. OM, 
ring rear ‘weper ve TR. Taeronatate treth of 
ine 


nt etn 


~ blood oad a by veins in connection with the iris, This 
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3, The Ear, 

"The ear of tho Fabbit, like that of the chick is derfved trom 
a pitting-in of the epiblast at the side of the hind-brain. By 
closure of its mouth, the pit becomes a vesicle or sac, imbedded 
in the mesoblast of the side of the head ; and from the walls of 
this snc, which are of cpiblastic origin, the epithelial lining of the 
vestibule and of its various prolongations is derived; the semi- 
circular canals, cochles, and other parts being formed by out~ 
growths or constrictions of the originally simple sac. 

‘The mesoblast, immediately surrounding tha sac gives rise 
to the connective tissue wall of the auditory labyrinth, while 
the mesoblast a little distance off gives origin to the cartilagi- 
nous auditory cupsule (cf. Fig. 159). Between the labyrinth and 
the cartilaginous capsule a series of lymphatic spaces appear, 
filled with fluid, in which the labyrinth hangs suspended, 
Finally, important gories of accessory organs, characteristic of 
apbiaatkine Vertebrates—the tympanic membrane, Eustachian 
tube, auditory meatus, auditory ossicles, and external ear—are 
formed, and acquire definite relations with the essential organ 
of hearing, &e. the auditory vesicle itself, 


‘The auditory vesicles arise in the rabbit, towards the end of the 
ninth day, as a pair of shallow depressions of the epiblast at the 
sides of the hind-brain, During the tenth day each pit deepens 
mpidly, and by the end of the day the mouth of the pit narrows 
and closes, converting the pit into the closed auditory sac or ~ 

L47, x1), which lies imbedded in the side wall of 


‘The anditory vesicle is nt first spherical, but soon becomes 
triangular in outline as seen in transverse sections. The dorsal 
angle of the triangle, which marks the place where the vesicle 
separates from the external epiblast, grows upwards as a long 
tubular process, the recessus vestibuli (Pig. 158, mx), which 
follows the curvature of the brain wall, and ends blindly at its 
dorsal extremity. 

From the outer side of the vestibule, a wide lateral diverti- 
culum arises, from which the semiciroular canals ure developed 
at a slightly later stage (Fig. 158, ep, RH). The ventral angle 
of the vestibule is prolonged downwards and inwards asa curved 
finger-like process, the cochlear canal (Fig. 158, Xt). 
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The auditory nerve (Fig. 158, vi) develops very early, 
already noticed, and by the tenth day, if not indeed fn 


Fie. 167.—A dingra 
‘show the relation 


earliest appearance, is intimately connected with the iuner wall — 
of the vestibular sxc. 
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‘The condition on the fifteenth day is shown in Fig. 159, the 
section, on the left side, being taken at a level slightly anterior 
to that of the right side. The recessus vestibuli, en, is still 
Jargo, and is dilated at its upper end in a club-shaped manner. 
The three semicircular canals are well established: they are 
formed, as in tho chick and frog, from flattened saccular out- 
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‘end of the cleventh day, the seotion passing throagh the 

‘tho ears, and the pharynx, The plane of section of the righ 
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growths of the anditory vesicle, the two walls of each outgrowth 
coming in contact and fusing, so a8 to form a curved tube open= 
ing into the vestibule at both ends. The section (Big. 169) 
passes through the stem common to the two vertical semicircular 
canals, £D, and also through the horizontal canal, em, Each — 
semicirenlar canal has already acquired an ampulla at one end. 
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At a stage a little later than that shown in Fig. 159, the 
cochlear canal, which up to this point has been only slightly 
curved, begins to form the spiral turns, s0 characteristic of the 
adult (Ng. 157,c), the twisting being brought: about by growth 
in a spiral manuer of the blind end of the canal. 

The cochlear canal becomes the seala media of the cochlea in 
the adult. Immediately outside it the mesoblast becomes ex~ 
cavated to form a couple of tubular passages, the seala vestibuli: 
and scala tympani, which lie respectively above and below the 
seala media or cochlear canal. The scala vestibuli and acala 
tympani commence at the basal end of the cochlea, and gradually 
extend olong it towards its apex, following the turns of the 
spiral; and ultimately, on reaching the apex, they open into each 
other, though not until a very late stage of development. From 
the epithelium of the floor of the cochlear canal, or basilar mem~ 
brane, the ongan of Corti is developed; while the roof of the 
cochlear canal, separating it from the scala vestibuli, is spoken 
of in the adult as the membrane of Reissner. 

At the base of the cochlea, the scala vestibuli opens into the 
peri-lympbatic space surrounding the central part of the 
vestibule, while the scala tympani is closed at its base by the 
membrane of the fenestra rotunda. 

Similar peri-lymphatic passages are formed, by excavation of 
the mesoblast, around the semicircular canals. 

As in the frog, there is at first a single patch of the 
epithelium of the auditory veaicle with which the auditory nerve 
is continuous, This single, large patch becomes ultimately — 
broken up into several smaller ones, which by growth of the 
intervening strips of epithelium are separated farther and further 
from one another until they reach their adult positions. 


‘Tho accessory auditory apparatus of the rabbitis, ina genoral 
way, similar to that of the frog or the ehick, but is more com— 
plicated. 

The Eustachian tnbe (Fig. 157, et) is formed from the 
hyomandibular gill-ponch. ‘This reaches very close to the surface 
in the carly stages of development, but docs not open to the 
exterior at any period. On the eleventh day (Wig. 158, us) 
the hyomandibular pouch reaches almost to the surface, the 
hypoblast of the pouch meeting the epiblast at the bottom of 





aT 
t 


cctly into the | 
fe Nea 





THE EAR, AND THE DIGESTIVE SYSTEM, 399 


which is perhaps the most generally accepted view, or both 
from the hyoidean bar, or one from each of these bars. There 
are, at present, no recorded observations which determine the 
matter satisfactorily in the case of the rabbit, 

‘The malleus can be recognised on the fifteenth day (Fig. 159, 
MA); it ia, from its first appearance, imbedded in the substance 
of the tympanic membrane, EB, and is for some time continuous — 
with the posterior end of the mandibular bar, or Meckel’s 
cartilage, 


THE DEVELOPMENT OF THE DIGESTIVE SYSTEM. 


A. Tho Alimentary Canal. 
1, General Account. 


‘The general history of the development: of the alimentary 
canal of the rabbit is closely similar to that of the chick. ‘The 
greater part of the length of the canal is formed from the 
mesenteron, which, a8 in the chick, ia a tubular cavity incladed 
within the embryo hy the process of constriction, through which 
the embryo becomes separated from the yolk-sae (¢f. Figs. 146 
and 147). Owing to this mode of formation of the mesenteron, 
it necessarily communicates with the cavity of the yolk-sac in 
the early stages, and so long as the yolk-stalk remains tubular, 
‘The mesentoron may, therefore, as in the chick, bo divided into 
three lengths: fore-gat, mid-gut, and hind-gut; the fore-gut 
(Figs. 146 and 147, Gr) being the anterior portion, in which 
roof, sides, and floor are all alike present; the hind-gut, ex, 
being the similar portion at the hinder end of the body; and 
the mid-gut, oT, being the median portion, which opena throngh 
tho yolk-stalls into the cavity of the yolk-enc, and which con- 
sequently has no floor, Fore-gut and hind-gut increase in 
length, at the expense of the mid-gut, as the embryo becomes 
more and more sharply constricted from the yolk-sae; and 
ultimately, when the yolk-stalk becomes solid, about the thir- 
teenth day, the mid-gat as a separate division of the alimentary 
canal conses to exist (ef. Fign, 146, 147, and 160). 

‘The mouth and anal openings are formed, as in other Ver- 
tebrates, by stomatodies! and proctodeal invaginations of the 
opiblast at the anterior and posterior ends of the embryo 
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dorsal linc; while, on the floor of the buccal cavity, the boundary 
line liesin front of the root of the tongue ; the whole of the tongue 
being formed from tho mesenteron, and being therefore covered 
with hypoblastic epithelium, 

‘The palate is formed, about: the fifteenth day, by a pair of 
horizontal ridges which grow inwards from the sides of the 
buccal cavity, and, meeting each other in the median plane, fase 
to form # horizontal shelf (Fig. 151, rt), which separates the 
nasal chamber above from the buccal cavity below. The fasion 
of the two halves of the palate proceeds from before backwards ; 
and the palate ends with a free posterior edge, behind which 
the nasal and buccal chambers are continuows. with each other 
(Fig. 151, 1r). 


+, The Esophagus. 

‘The hinder end of the pharynx narrows very rapidly, and 
passes abruptly into the straight tubular cesophagus (Pigs. 150, 
and 151, to). Tt has not yet been determined whether the 
wsophagus of the rabbit, like that of the chick and tadpole, 
passes through a stage in which it is solid for a time. 

5, The Stomach and Intestine. 

‘The stomach becomes evident, a& a distinct dilatation of the 
alimentary canal, about the thirteenth day; its long axis at first 
corresponds with that of the body, but later on it shifts its 
position, and becomes placed at first obliquely, and then almost 
directly across the body, 

The intestine undergoes changes corresponding fairly closely 
with those already described for the chick. The lengthening 
of the intestine is effected almost entirely in two situations, 
giving rise to two ventrally directed loops. Of these, the 
proximal or duodenal loop is formed immediately behind the 
stomach, and in the rabbit attains @ considerable length (Fig. 

‘The distal or vitelline loop is formed by elongation of ~ 
loop of the intestine already present on the 
twelfth day, and from the apex of which the yoll-stalk, vx, 
arises; the vitelline loop attains an enormons length in the 
rabbit. : 
"A short length of the intestine, between the duodenal and 
‘Fitelline loops, remains in the rabbit, as in the chick, stationary 
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incisors of the upper jaw are much larger, and persist as 
fometional teeth for about three weeks after birth, lying wedged 
in between the large and small permanent incisors. For the 
first three weeks after birth there are therefore three upper 
incisors on each side in the rabbits the first and third being the 
Pennanent incisors, and the middle one being the deciduous 
second incisor, which has not yet been shed. The decidaows 
molars (Fig. 156, TF, 1G) ans of considerable size, and persist 
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Fra, 1462—The skull of the Rabbit, from the right side, ‘The middle portion 
of the aygomatic arch and the right half of the mandible have been 
removed. (From Maraball and Hurst.) 
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until three or four weeks after birth, when they are pushed out 
by the permanent premolars developed beneath them. 

A fally formed tooth consists chielly of dentine, covered on 
its crown, or grinding surface, with a cap of a very hard and 
densely calcified substance, the enamel ; and invested, especially 
round its deeper part or root, by a layer of bony substance, the 
cement. The dontine is hollowed out by the pulp cavity, in 
which are lodged the blood-yessels and nerves of the 
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when once completed, no further change in the shape of the crown 
can occur, 

The mode of formation of the dentine is as follows. ‘The 
cells at the surface of the dental papilla form a single layer 
of finoly granular nucleated cells, closely arranged side by side, 
and spoken of as odontoblasts, The most superficial parts of 
the odontoblasts beeome converted into, or else form by ex- 
cretion, a gelatinous matrix in which enleification soon occurs, 
forming the dentine. The deeper parts of the odontoblasts, 
containing the nuclei, remain soft and unaltered ; they give off 
fine processes towards the surface of the tooth, which lic in 
channels in the dentine, these channels being the dentinal 
tubules of the adult. By o continuance of this process the 
dentine increases in thickness; the odontoblasts, which are the 
active agents in the, procem Soruiiuye <w layer} on ‘Ge dizer 
surface of the dentine, and sending out fine radial prolongations 
into the dentinal matrix, 

‘The follicle, or tooth-sao, is formed by a condensation of the 
vascular mesoblast around the tooth. ‘The cement is a thin 
layer of bone formed ronnd the tooth by the wall of the fallicle, 
which acts as the periosteal membrane. 

‘The permanent tecth are formed in the same way as the 
deciduous teeth ; their enamel ongans arising as outgrowths from 
the necks of those of the deciduous teeth (Pig. 156). 


2. The Thyroid Body. 

The thyroid body of the rabbit arises early in the tenth day, 
as o median thickening of tho epithelium of the floor of the 
pharynx, which grows downwards into the connective tissue 
immediately in front of the pericardial cavity, The stalk of 
connection with the pharyngeal floor narrows, and during the 
eleventh day disappears, leaving the thyroid.as a solid epithelial 
body (Pig. 150, rt) embedded in the mesoblast of the floor 
‘of the pharynx, immediately in front of the trancus arteriosns, 
and between the roots of the carotid arches, 

In the later stages the thyroid body widens transversely, 
giving off two lateral lobes which rapidly increase in size. A 
eavity appears in the median portion, and soon extends into the 
lateral lobes, from which outgrowths, some hollow and some 
solid, soon arise. As the heart shifts backwanls into the thorax, 
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of the lange. The smaller bronchi divide, for the most part, in 
a regular, dichotomous manner, as shown on the right-hand 
side of Fig. 163. The branching at first affects the hypo- 
blastic lining alone, but about the thirteenth or fourteenth day 
(Fig. 168) the mesoblastie wall becomes divided by external 
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grooves or clefts, which mark out the boundaries of the main 
lobes: of the lunes. The trachea, or median part of the air 
passage, ix at first very short; bat, as the neck elongates, and 
the lungs got carriod back into the thorax, the trachea rapidly 
increases in length, and by the eighteenth day (of. Fig. 151) 
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in the chick, especially close relations with the vitelline veins, 
through which the blood is retarned to the embryo from the 
yolle-sac, 

From the twelfth day onwards, the common part of the bile 
duct, where the right and lef bile duets join to enter the 
duodenum, lengthens rapidly, thus giving rise to the single bile 
duct of the adult rabbit (ef: Fig. 160, 1), 


6, The Pancreas, 

The pancreas arises, on the twelfth day, as a swelling or 
bulging of the dorsal wall of the intestine, slightly further back 
than the bile duct, and opposite the yolkestalk. On the eleventh 
day it becomes much more sharply defined, and constricted off 
from the gut as a somewhat pyriform, hollow sac, which opens 
into the aos wall of the intestine, and gives off small buds from 
its surface. In the succeeding days these buds enlarge, and 
give off other similar buds from their sides, and so form a com- 
pound gland of the racemose type. The pancreas, therefore, in 
its mode of development agrees closely with the salivary or other 
ordinary glands, and differs markedly from the liver, 

As the alimentary canal is ot first straight, and lies but « 
little diztance ventral to the notochord (Fig, 150), the pancreas, 
in its early stages, is embedded in the dorsal wall of the body 
cavity, and wedged in between the intestine and the dorsal aorta, 
As the intestine Iengthens, to form the duodenal loop, the 
Pancreas is drawn down with the mesentery, between the 
et limbs of the loop, and so attains its adult position (Fig. 

, F). 


7. The Cloaca. 

On the twelfth day (Fig, 150), the rectum opens into # 
dilated cloacal chamber, Tc, from which the stalk of the allantois, 
TA, opens, and into which the Wolffian ducta, Ko, and ureters, 
KD, discharge. This cloacal dilatation lies in a rounded closcal 
papilla, which forms a well-marked projection on the ventral 
surface of the embryo, behind the allantoic and yolk stalks, and 
in front of the root of the tail (Fig. 150). 

Just before entering the cloacal dilatation, the intestine makes 
# rather sharp bend yentralwards, the distinctness of which is 
alightly exaggerated in Fig. 150. Between the intestine and the 
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cloacal dilatation, and separating the two structures from each 
other behind the point of opening of the Wolffian duct, is a 
septum of connective tissue, which is well seen in the figure, 
where it is crossed by the reference line, TC. 

During the next three days this septum extends backwards, 
ita growth being effected by the union, in the median plane, of 
two lateral ridges to form a median partition. ‘This partition 
divides the cloacal chamber into two separate portions, a dorsal 
or rectal chamber, and a ventral or urino-genital chamber. The 
proctodmal opening is established by this time, and the partition, 
on reaching the surface, divides this opening into separate 
anal and urino-genital apertures, the partition itself forming the 
perineum, or transverse septum between the two apertures. 

‘The anal opening lies on the posterior surface of the cloacal 
papilla, almost in the angle between the papilla and the tail, so 
that the cloacal papilla is from this time concerned with the 
urino-genital organs alone. ‘The cloacal, or genital papilla as it 
may now be termed, elongates considerably, and the urino-genital 
aperture is prolonged as a median groove along its dorsal or pos- 
terior surface. Irom this stage, development differs in the two 
sexes: in the male the two lips of the groove unite to form the 
penial urethra, the papilla itself becoming the corpus spongiosum 
of the penis. In the female the groove remains open. its borders 
forming the lips of the vulva. 


DEVELOPMENT OF THE HEART AND BLOOD- 
VESSELS, 


The general relations of the heart and its various cavities, 
and of the great arterial and venous trunks, and the changes 
which they undergo during development, are much the same in 
the rabbit as in the chick, and it will not be necessary to describe 
them in detail in this chapter. The changes in the heart itself, 
and especially the mode of formation of the septa, by which the 
several cavities are shut off one another, will require closer con- 
sideration. 

Besides the vessels of the embryo itself, there are two extra- 
embryonic vascular systems :—(j) the vitelline, or yolk-sac cit 
culation, which is comparatively unimportant in the rabbit ; 
and (ii) the allantoic or placental circulation, which is of the 
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utmost importance, a8 it affords the means through which the 


‘The vitelline circulation wil] be dealt with in the present 
ection; the relations of the allantoic vessels in the placenta 
will be treated separately, in the concluding section of this 
chapter. 


1, The Heart, 


‘The heart of the rabbit, like that of the chick, is formed by 
the union of the two vitellino veins, which return to the embryo 
the blood from the vascular area, 

The vitelline veins are formed in the mesoblast of the 
splanchnopleare, and appear at an early stage of development, 
when the folding-off of the embryo from the yolk-sac, by the side 
folds, has only just commenced. The right and left vitelline 
veins, and consequently the two halves of the heart as well, are 
therefore at firat a considerable distance apart; and in rabbit 
embryos of the ninth day (Pig. 145, 2) they appear as a pair of 
tubes, lying along tho sides of the head, opposite the hind-brain, 

As the side-folds deepen, constricting off the embryo from 
the yolk-sac, the two tubes get carried round to the ventral 
surface of the embryo, where they lie close together, side by 
side. About the middle of the tenth day they fuse together to 
form a single tubular heart, lying in the floor of the pharyngeal 
region of the mesenteron, and having relations very similar to 
those of the heart in a chick embryo of about the thirtieth 
hour. 

Tn the latter part of the tenth day, the heart, while it remains 
attached to the Hoor of the pharynx at both its ends, becomes 
free in the middle portion of its length; and, growing rapidly, 
hangs down into the body cavity as a loop, which #00n becomes 
twisted on itself like a letter $, and partially divided by con- 
strictions into chambers (Fig. 147, r). The hinder o proximal 
limb of the heart, which receives the great veins, is the sinus 
yenosus ; the first loop of the S is the auricular portion; the 
second loop is the ventricular portion; and the distal or anterior 
limb is the truncus arteriosus, from which the aortic archee arise 
as right and left: branches, 
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wall of the auricular chamber, and grows down into its cavity: 
(of. Fig. 163, np). For a time the lower and posterior edge of 
the auricular septum is free, but during the fourteenth day ib 
meets and fuses with a cushion-like thickening of the mangin 
of the anriculo-ventricular aperture. 

Before this fusion is completed, however, a new aperture, the 
foramen ovale, is formed in the dorsal and anterior part of the 
auricular septum, through which free communication between 
the two auricles is maintained up to the time of birth of the 
young rabbit. 

The pulmonary veins develop rather late, and are of small 
size until near the time of birth ; the two veins, from the right 
and loft lungs respectively, unite to form a single vessel, which 
opens into the dorsal wall of the left auricle, very close to the 
auricular septum, 


‘The ventricular portion of the heart. The ventricular cavity 
is at first single, and receives the blood from the auricular cavity 
through o transverse slit in its dorsal wall, 

The division of the ventricular cavity into right and loft 
ventricles is effected by a septum, which grows upwards from 
the apex of the ventricle towards the auricalo-ventricular aper- 
ture. ‘This ventricular septum (¢f. Fig. 168) appears about the 
twelfth day, and its position is indicated from an early period by 
a groove on the surface of the heart. ‘The septum remains in- 
complete for some time, the two ventricles communicating above 
its free edge, About tho fifteenth day the septum meets, and 
unites with, the cushion-like thickenings of the margin of the 
suriculo-ventricular aperture, and so completes the separation 
between the two ventricles, — 

‘The thickening of the wall of the yentricle is effected in the 
firat instance, just asin the frog, by the ingrowth of mascular 
trabeculs into the cavity, which unite to form a reticnlam (ef, 
Fig. 163), the proper wall of the ventricle remaining thin. 
Tn the later stages, however, the outer walls of the ventricles 
thicken considerably thronghout their entire substance. Up to 
the time of birth there is practically no difference in thickness 
between the walls of the right and loft ventricles, the resistance 
to be overcome being approximately the same in the two 
eases. 
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‘The aortic arches of the fourth pair, in 
arches, are the systemic arches, which by their 
the dorsal aorta, At first the yeasels of the two sides, right 
nd lather of onaal sity HAR sere aap ee 
one becomes the larger, and ultimately forms the ices. 
aorta in the adult. The right systemic arch persists for 
time, ab alidmately Gietpines; itl ths: osaitien Geta 
proximal part, which is said to give origin to the right sub- 
clavian artery, 

The aortic arches of the fifth pair, in the third branchial 

arches 


influence on the course of the circulation, At the time of birth, 
the part of ench pulmonary arch between the origin of the 
pulmonary artery and the aorta (cf. Pig. 128), a part known as 
the ductus arteriosus or ductus Botalli, becomes obliterated ; 
and from this time the blood driven into the pulmonary 
arches by the right ventricle can no longer pass directly to 
the sorta, but is all sent through the pulmonary arteries to the 
qian mann has found traces, in rabbit embryos of the 
eleventh day, of a pair of aortic arches between the systemic and 
pulmonary arches. ‘This observation, if confirmed by future 
inyestigntion, will be of considerable interest, ua showing that 
tho pulmonary arches of the rabbit are the sixth and not the 
fifth pair, and that the pulmonary arteries therefore arise in the 
rabbit from the same pair of arches as in the frog; in other 
words, that the pulmonary arteries are strictly corresponding 
stractures in these two types. 

As regards the arteries of the trank, the two dorsal norte 
are nt first distinct along thoir whole length, and the allantoic 
arteries appear as thongh thoy were direct postorior continuations 
of the aort®. Later on, the two sorts unite to form the definite 
dorsal aorta, which is continued as a narrow median caudal 
artery to the hinder end of the embryo; tho allantoic arteries 
from this time appearing as branches of the aorta. 

BR 
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'The right ventricle is thus filled with venous blood, and the 
left ventricle with arterial blood. On the ventricular 
the arterial blood from the left ventricle is driven through the 
aortic trank and the carotid arteries to the head; while the 
venous blood from the right ventricle is driven throngh the 
pulmonary trunk and pulmonary arches into the dorsi] aorta, 
and then backwards along the body, the greater part passing 
along the large allantoic arteries to the placenta. 


‘The changes that occur at birth are practically the same as 
those which are effected in the chick on hatching (ef. p. 314). 

6) Tho vitelline and allantoie elreulations are stopped: The 
result of this is that the blood in the vena cava is 
from this time venous, since the arterial sq previously 
brought by the allantoic veins is now cut off. 

(ii) The duotus venosus, or direct passage througl the liver, 
isclosed, ‘The effect of this change is that all the blood brought 
to the liver must now pass through its capillaries inorder to get 
tothe heart, whereas formerly the ductus venosus afforded a short 
eat by which the liver capillaries conld be avoided. 

(iii) ‘The ductus arteriosus, or ductus Botalli, closes on both 
sides of the body, ‘This renders it impossible for blood from 
the right ventricle to get directly into tho sorta, All the blood 
from the right ventricle has now to pass along the pulmonary 
arteries to the lungs, and the pulmonary vessels consequently 
dilate very considerably, to accommodate this increased quantity 
of blood. A farther effect is that the dorsal aorta now receives 
its blood supply from the left ventricle instead of, as formerly, 
from the right ventricle; i2. it now contains arterial, instead of 
venous blood. 

(iv) The foramen ovale closes, ‘This is offhcted at a rather 
Inter stage than the other changes. When it is completed, the 
Diced from all three’ vena: caves enters the right auricle, and is 
driven from this into the right ventricle; while the only blood 
entering the left auricle is now the blood returned from the 
lungs by the pulmonary veins, veséols which up to the time of 
birth are comparatively emall and insignificant, but which dilate 
very y Breaaly ‘as soon ives breathing is established. 

The circulation, by these changes, becomes that of the adult. 
A complete double circulation is established ; the right and 
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‘yitelline veins may persist, but more usually the right one becomes: 
much reduced in size, or elas atrophies completely. 

Jn the rabbit, the vitelline cirenlation is of much les impor- 
tance than in the chick, inasmuch as the natrition of the rabbit 
embryo is effected, not by the yolk-sac, but by the placenth. 


DEVELOPMENT OF THE EXCRETORY SYSTEM. 


The general history of the development of the 
organs and their ducts in the rabbit: is much like that of the 
chick. 

No trace of a head kidney, or pronephroa, has yet bean de- 
scribed, and it may be assumed that this structure is either 
altogether absent, or else very smal! and rudimentary. A seg- 
mental, or Wolffian duct is early formed along each side of the 
body; and in connection with each duct a Wolffian body is 
developed, which is large in the embryo, but which becomes 
replaced functionally by the metanephros or permanent kidney 
in the later stages and in the adult animal. The Miillerian 
duet develops vather later than the Wolffian duet and Wolffian 
body; it lies very close to the ‘Wolfen duet, but is apparently 
eee of this. 


The mode of development of the Wolffian duct in the rabbit 
has been much debated; the point in dispute being whether it 
is formed from mmesob last, or directly from the external epiblast. 

According to the blerridtouk of Hensen, supported by 
Flemming, the Wolftisn duct arises, early in the ninth day, as a 
solid ridge-like thickening of the epiblast (Fig. 164, xc), at the 
level of che fourth and fifth mesoblastic somites, and close to their 
outer borders, Tt soon separates from the epiblast, and then Hes 
as a solid rod of cells between the epiblast and mesoblast ; this 
rod grows rapidly backwards, becomes tubular {by the formation 
of an axial cavity or lumen, and on the eleventh day reaches 
the hinder end of the body, and opens into the dorsal surface of 
the allantois, just in front of the anion of the rectam and the 
allantois to form the cloaca (¢f. Fig. 150, xe, Te). 

‘There is no doubt that the Wolffian duct, in the early stages 
of its development, lies very close indeed ‘8 tho eprbioae ies 








THE WOLFFIAN BODY. 


mentally arranged; two or three corresponding to each somite 
in the region of the body in which they occur. 

‘The relations of the Wolffian body to the blood-restels aro 
well seen in Pig. 165. The dorsal acrta, a, lies between the 
two Wolffian bodies, and gives off branches which supply the 


FiO, 165—A transvero section acrees the bedy of a Rabbit Embryo at the 
end of the eleventh day. 45. 
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glomerali; while the posterior cardinal veins, vo, lie along their 
dorsal surfaces, and give off numerous branches, which lie in 
very close relation with the tubules, and from which the epi- 
thelial cells of the tubules withdraw the excretory products. 
‘The Wolffian body increases rapidly in size, and soon becomes 
‘more compact and of more definite shape, Its position and rela 
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On the eleventh day a diverticulam arises from each Wolf 
fian duct, just before this reaches the cloaca, and grows forwards 
dorsal to the Wolffian duct. During the twelfth day this 
diverticulum (Fig, 150, kp) increases in length ; its blind anterior 
ectronii' line, ua ene Be een ae Lee 
while the megoblast surrounding the processes becomes more 
compact than elsewhere, giving definite shape to tho orgun. 

‘The structure formed in this way becomes the kidney, the 
original diverticulum from the Wolffian duct forming the ureter, 
The kidney extends forwards, dorsal to the Wolfiian body, and 
overlapping this, so that both the Wolffian body and the kidney 
may bo cat in the same transverse section (Fig. 166, KM and Kr), 


Tn the later stages, the lateral branches from the ureter «ube 
divide, and elongate considerably to form the kidney tubules. 
‘There are for some time no Malpighian bodies in the kidnoy, 
but these are ultimately formed in connection with the blind 
ends of the tubules, in the same manner as in the Wolffian 
body. 5 

‘The kidneys are, from the first, compact bodies ; they early 
acquire their characteristic shape (Fig. 160, x), aud also their 
asymmetry in position, the right kidney moving some distance 
further forwards than the left. 

The Wolflian duct and the ureter of each side open, on the 
twelfth day (Fig. 150, ke, KD), by n common duct into the 
urino-genital sinus. Tn the later stages, by unequal growth in 
different directions, and by absorption of the common duct into 
the urino-genital sinus, the relations become altered ; the Wolflian 
ducts still opening into the urino-genital sinus, but the ureters 
now opening directly into the bladder. 


4, The Milllerian Duct. 

‘The mode of the development of the Mallerian duct in the 
rabbit has not been very clearly ascertained. About the twelfth 
or thirteenth day it is present as a peritoneal funnel, lying to 
the inner side of the Wolffian body, close to its anterior end; 
from the fannel a duct arises which cromses over, doranl to the 
Wolffan body, and then rans backwards short distance, lying 
very close to the outer side of the Wollfian duet, and 





DEVELOPMENT OF THE CCELOM, 


‘The celom, or body-cavity, of the rabbit appears, as in most 
Vertebrates, né a cleft in the mesobilast, formed by splitting, or 
rather by rearrangement, of its cells into two layers, somatic and 
splanchnic. 

‘The eeetorn appears first on the eighth day, and by the ninth 
day (Fig. 146, ¢) has become a cavity of considerable size. It 
is not confined to the embryo, but stretches oat beyond this, 
and in all directions, reaching almost to the margin of the 
mesoblast, indicated by the sinus torminalis; st, 

Tinmediately in front of the embryo, in the pro-amnion 
(Pig. 145, ax'), there is ab firsh no mesoblast, and consequently 
no corlom; but in the later stages, as the mesoblast invades the 
proammnion from ite sides, the coclomic cavity exténds into this 
region also, 

Within the embryo iteclf, the celom is confined to the 
region, and does not extend forwards into the head. 
abdominal portion of the ca@lom presents no further changes of 
special interest, but in the thorax the development of the 


poricardial and* pleural cavities, and also the formation of tho 
dinphragm, require notice. 


1. The Pericardial Cavity, 

Karly on the ninth day, tho heart consists of two tubes, 
lying along the sides of the head, and widely separate from each 
other (Fig. 145, 8). ‘The parts of the coslom into which these 
tabes project become later on the pericardial cavity, so that this 
cavity, like the heart itself, consists at first of two separate 
halves, right and loft respectively. 

As the side-folds decpen, the two halves of the heart are 
brought together beneath the pharynx ; and, early on the tenth 
Gay, the right and lef halves of the pericardial cavity moot 
Deneath the throat, and become continuous with each other, 

‘The pericardial cavity (Fig. 147) is thus merely the anterior 
part of the general body-cavity or ceelom, and there is at first no 

between the two, except the very imperfect partitions 
formed by the right and left vitelline veins, where they diverge 
behind the heart. 

Towards the close of the tenth day, and during the enrly 





THE CHLOM AND THE SKELETON, 


DEVELOPMENT OF THE MUSCULAR SYSTEM. 


The majority of the body muscles are developed, as in the 
chick, from the muscle plates of the protorertebne, or meso- 
blastic somites. 

‘The great dorsal muscles of the neck and trank, and the 
tnascles of the thoracie and abdominal walls, are derived directly. 
from the muscle plates, but the origin of many of the other 
muscles is not determined with certainty, ‘The muscles of the 
head arise independently of the muscle plates; and the muscles 
of the limbs alzo arise independently, and in sifu, It is pro- 
bablo, however, that in both these cases the mode of development: 
hus undergone secondary modifications and abbreviations. 


DEVELOPMENT OF THE SKELETON. 


‘There are in the rabbit, as in the chick or frog, threo stages 
in the development of the skeleton. ‘The first, or earliost, stage 
is that in which the notochord is the only specially skeletal 


structure present; the second stage is that in which a» carti- 
loginous skeleton is developed, not only in relation with the 
notochord, but in the head and limbs as well; while the third 
or final stage is characterissd by the development of bone, 
which gradually becomes the dominant and essential constituent 
of the skeleton, Bones arise either as cartilage-bones, in direct 
connection with the cartilaginous skeleton ; or else independently 
of this, as membrane-bones. 

It ia important to remember that each of these stages is not 
a forther development. of the preceding stage, bnt an indepen- 
dontly arising one, which displ predecessor. Thus tho 
cartilaginous skeleton does not from the notochord, but: 
outside this and independently of it, and gradually displaces 
and obliterates it; to be displaced in its turn by the bony 
skeleton, So too the lower jaw is not formed from Meckel's 

luge, but around it; and the formation of the bone leads 
ultimately to the obliteration of its cartilaginous 

The development of the skeleton of the rabbit has not yet 
‘been studied fn detail, and there are many points on which our 
knowledge is still very incomplete, 
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Vio. 167.—Selested vertebrin boa the Rabbit, (From Marshall and 
une 
I, Pint cortical vertebra, of ating, es the dorsal surface. I, Second 
cervical vertebra, or nxis, from the right «ide, III. Fifth carvical vertebra; 
anterlor surface. IV. Fourth thoracic 
¥. Fourth thoracie vertebra, and fourtts 
VIL Scoond lumbar vertebra, from the right eide. ait. AScoud larabar vertebra 
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THE SKULL. 


With regard to the cartilaginous bars developed in the visceral 
arches, the maxillary or palatopterygoid bar forms the basis of 
the upper jaw, but it is not clear whether it arises independently, 
or as an outgrowth from the mandibolar bar, 

‘The mandibular bar is a rod of cartilage, which along the 


greater part of its lenyth is known as Meckel’s 

151 and 156, mc); it forms the basis of the lower jaw, the 
bones of the mandible being formed around it, thongh not in 
direct connection with it, except at the chin. 

‘The hyoid bar is at first cartilaginous along its whole length, 
but subsequently disappears in great part. Its lower or ventral 
end forms the basis of the anterior, or lesser corna of the hyoid 
bone of the adult. 

Of the first branchial bar, the only part that persists ia the 
ventral end, which forms the basis of the postorior, or greater 
cornu of the hyoid bone. The body of the byoid bone ix 
formed from the median elements of the hyoid and first 
branchial arches. 

‘The development of the auditory ossicles, and their relations 
to the mandibular and hyoid bars have already beew considered 
in the section dealing with the dovelopment of the ear (p, 398). 


Concerning the appendieular skeleton thers is nothing special 
to note, except that Killiker has shown that the clavicle in 
rabbit: embryos of about the seventecnth day is cartilaginous ; 
and that the clavicle, though presenting some peculiarities in 
the details of ita mode of ossification, ought to be viewed as a 
cartilage bone, and not, as is commonly stated, a# a membrane 
bone. 

DEVELOPMENT OF THE SKIN, 
1, The Hairs, 

Hairs are epidermal structures, and are as characteristie of 
Mammals as are feathers of Birds The first stage in the for- 
mation of a hair consists in the growth of a small solid process 
from the deeper or mucous layer of the epidermis, into the 
underlying conneetive tissue (Fig. 156, pe), A small papilla 
of ynscular connective tissue grows into the deeper end of the 


epidermal process, and serves for its nutrition. The hair itself 
rr 








THE PLACENTA. 


and partly fiom the embryo or fetus; the fetal element being 
supplied by the wall of the blastodermic vesicle, and by the 
allantois; and the maternal element by the part of the wall of 
the uterus to which the blastodermie vesicle becomes attached. 

In the chick, the allantois (Fig. 101) attains n great-size, and 
forms the respiratory organ of the ombryo during the later stages 
of its development, 

Tn the rabbit the allantois becomes still larger and more 
important, subserving nutrition as well as respiration. Tt be- 
comes firmly attached to the wall of the uterus (Figs. 148 and 
170), and then gives off, from ite outer surface, vascular tufts or 
villi into the substance of the uterine wall, The vessels of these 
villi, which are derived from the allantoic arteries and veins, and 
are therefore continuous with the blood-vessels of the embryo, 
lie in close contact with the dilated maternal capillaries of the 
uterus, ‘The intervening walls between the two acts of blood~ 
vessels, foetal or allantoic, and maternal or uterine, become so 
greatly reduced in thickness that diffusion readily takes place 
between the two blood streams, through these very thin parti- 
tions. In this way the foetal blood derives nutrient matter 
from the maternal blood, and gives up to it the gaseous and 
other excretory matters that are formed in the embryo, as a 
necessary consequence of the chemical changes associated with 
ite growth and development, 


‘The actual details of development of the rabbit's placenta 
are extremely complicated, and the accounts given by different 
investigators are at variance with one another, even in points of 
primary importance. ‘The most ‘completo and consistent account 
is that given by Daval; it is supported in many important 
respects by Minot's investigations, and has afforded the basis on 
which the following description has been founded. 

The mucous membrane of the uterus, in the animpregnated 
condition, is thrown into six longitudinal folds, which project 
into the uterine cavity, and give it a stellate appearance in 
traneverte section. Of these folds, two (Fig. 168, px) lie on the 
side of the uterus next to the mesometrium, or mesenterial fold, 
mu, which attaches the uterus to the abdominal wall; these are 
termed by Minot thy placental folds or placental lobes. ‘The 
second pair, or periplacental folds, rot, lie at the sides of th 
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hiss already been described (p. 360), lies quite freely within the 
uteros, and the structure of the uterine walls is os follows 
(f Fig. 168). 

‘The muscular walls of the uterus are well marked, consisting 
af outer longitudinal, st, and inner cirenlar layers, mx. Within 
the layer of circular muscles come the submucous and 
layers, Of the six longitudinal folds of the nterns, the two. 
placental folds, px, form large and prominent ridges, separated 
by a deep median cleft, rx. The peviplacental folds, PM, are 
similar, but much smaller; while the obplacental folds are no 
longer reengnisable, having become flattened ont and obliterated 
by the stretching, which this part of the wall of the uterus bas 
undergone, to make room for the embryo. 

‘The submucous layer, which is very thiek in the placental 
folds, rk, but comparatively scanty elsewhere, consists of loose 
connective tissue, with very numerous, branched connective- 
tissue cells, and is very vascular. ‘The blood-vessels, which are 
derived from the mesometrium, perforate the muscular walls of 
the uterus as smal) arteries and veins, and then dilate, within 
the submucous layer, into large but very thin-walled capillaries 
(Fig. 168, vc), which are especially numerous in. the subglandular 
layer of connective tissue, immediately below the surface epi- 
thelium. 

The epithelium lining the uteras is pitted to form the 
uterine glands, Gv, which are very deep and freely branched 
in the placental and periplacental folds; whilein the obplacental 
ares, owing to the stretching which this part of the uterus has 
andergone, the mouth of the glands are greatly dilated, and 
the glands themselves widened out. 


Early on the eighth day the attachment of the blastodermic 
vesicle to the wall of the uterus commences, and by the ninth 
day it is completed. The attachment is effected, ns 
noticed, by thickening and proliferation of the epiblast cells of 
the blastodermic vesicle over a horse-shoe shaped patch, the 
placental area, which surrounds the sides and hinder end of the 
embryo (Fig. 145, #'). ‘The epiblast cells of this placental area 
become more numerous, by repeated divisions, and grow out into 
irregular processes which fuse firmly with the surface of the 
placental lobes of the uterus (Fig. L69,£). By thia time, accord- 
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aurface of the uterus, nor those of the outermost layer, next;to 
the circular muscles of the uterine wall. 


xs 
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F16, 163.—A transverse section across the wrorus and the contained biasto- 
dermic vesicle of a Rabbit at the end of the ninth day. Cf. Figs, 146 and 
146, in which the blastodermle vesicle and embryo of this age are #hown 
in surface view and lu sagitt in part after Duval.) 8. 
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ial the tenth day, the ectoplacental epithelium increases 
greatly in thickness, and becomes exeavated by irregular chan- 
nels or lacunm, which according to Duval open into the maternal 
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intervening between them, until ultimately the two sets of 
‘Dlood-vessels are separated by exceedingly thin partitions. 

‘The enccessive steps in this process are as follows; Duval’s 
descriptions being mainly followed in the uccount here given. 

From the tenth day onwards the growth of the vascular 
septa, or villi, from the allantois into the ectoplacenta proceeds 
very rapidly, so that the latter becomes cut ap into a series 
of rodially arranged columns, or lobules, within which lie the 
lacunw opening into the maternal capillaries. At this stage 
the footal blood iz separated from the maternal blood by three 
stroctures:—(i) the endothelial wall of the fotal or allantoic 
capillaries ; (ii) a layer, several cells im thickness, of the ecto- 
placental epithelium ; (iii) the endothelial wall of the maternal 
capillaries. There is some doubt, however, with regard to the 
third layer ; according to Duyal, this has already dieappeared, 
and the maternal vessels of the placenta are merely lacunar 
spaces hollowed out in the ectoplacental epithelium, and devoid 
of trae walls. 

During the twelfth to the fourteenth days, each of the ecto- 
placental colurnns or lobules becomes subdivided, by longitudinal 
folding of ite walls, and ingrowth of septa, into a set of closely 
placed parallel tubales, the general direction of which is radial, 
ie. vertical to the inner surface of the uterus. 

‘Thess lobules, in the later stages, become larger and more 
minutely subdivided, and by the nineteenth or twentieth day the 
telotions are as shown in Fig. 170, Each of the two placental 
Jobee now consists of a number of lobules, ri, which are some- 
what fusiform in shape, radially arranged, and packed closely 
together side by side. Each lobule is further subdivided into 
a complicated system of branching tubular passages, which at 
each end of the lobule open into larger chambers, ur. ‘Through 
these passages, which, according to Duval, are simply lacunwe 
excavated in the ectoplacental epithelium, the maternal blood 
circulates, Large afferent channels, derived from the uterine 
arteries, convey the maternal blood directly to the dilated 
chambers at. the inner ends of the lobules, next to the surface of 
the uterus, From these chambers it flows back, through the 
complicated system of tubules of which the lobule consists, to 
the chambers at the outer ends of the lobules, from which it is 
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THE PLACENTA. Aas 
time. Owing to the strong contraction of the muscles of the ~~ 
uterus at the time of birth of the young, the bare patch, from 
which the placenta has been separated, is ab once greatly re- 
duced in size, while the loosely attached mucous membrane 
of the obplacental region elips over it, and eloses the wound 
almost instantly. The complete regeneration of the uterine 
epithelium after parturition is effected with astonishing rapidity, 
and the doo is ready to receive the buck almost immediately 
after she has given birth to the young. 


‘The placenta is commonly regarded as ceeentially an allantoic 
structure. But the facts, that the attachment to the uterus is 
first; effected, not by the allantois, but by tho epiblast of the 
blastodermic vesicle ; and that the allantois merely utilises this 
attachment as a means of getting access to the uterus, suggest 
that thé*participation of the allantoia in the formation of the 
placenta is probably a secondary and not a primitive character. 

‘The further fact that changes occur in the mucous: 
of the obplacental and periplacental regions, similar to the earlier 

ven in the placental region, suggests that the area of 


attachment of the blastodermic vesicle to the uterus was origin- 
ally a more extensive onc, Minot has contended, from these 
and _ similar considerations, that the mammalian placenta was 

formed from the chorion, i.e. from the extra-embryonic 
part of the blastodermic vesicle, and not from the allantois ; 
and the history of the formation of the placenta in the lower 
groups of Mammals strongly supports this view, 


Liat of the more important Publications dealing with the 
Development of the Rabbit, 


+ “Tescarches in Einbryology. Philovophical Transactions of the 
1st0. 


Weneden, E, van: * Recherches sur Ia Composition et la Signifieation de 
VBuf! Braxelles, 1870, 
“Recherebes sur 'Embryologic des Mamraiftres. Lo Formation 
dee Fealtlats'dhes ta Tapia.” Arebives de Diologle, 1. 1880, 
*‘Obeerrations aur be Matarstion, ts Fécondation et la Seymenta- 
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THE HUMAN 


EMBRY"). 


PRELIMINARY ACCOUNT. 


The hare -surgy. which, like that 
tal ell, derived from the 








in diameter, ie. is 

f th ovum of the rabbit. 

harzed trom the ovary, and is 
taken up by the op. Fallopian tube or oviduct, 
down which it tra rus, where it remains during 

” the rest of the periud of development. Prior to the arrival of the 
ovum, the mncous men @ the uterus undergoes impor- 
tant changes. and gives rise toa special layer. the decidua, to 
which the ovum is attached and in which it becomes embedded. 
During gestation the cavity of the uterus gradually becomes 
filled up by the growth of the embryo and of its inclosing 
membranes. 

‘As the ovum is of very small size, the nutriment at the 
expens: of which development takes place must be obtained 
from without. ‘This is effected, as in the rabbit, by means of 
the placenta, an organ in which the blood-vessels of the embryo 
and those of the wall of the uterus are brought into extensive 
contact, so that free interchange of contents can take place 
through their walls. 

‘The process of fertilisation of the human ovum, and the early 
stages of development have not yet been seen ; and of specimens 
showing the first formation of the embryo only a very limited 
number have been obtained, and very few of these in fit 
condition for microscopical investigation. Of later embryos, 
numerous specimens have been examined and described, and 
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THE HUMAN OVUM, AND 


from a stage corresponding to about a forty-eight hour chick 
embryo, or toa nine-day rabbit embryo, the history of haman 
capeiopesees bos Veet pea in considerable detail. 

‘or this satisfactory condition of our knowledge we are very 
sergely indebted tothe aboars of Protenne El whan eae 
and careful descriptions, and splendid series of figures, form the 
basis on which the account in the present chapter haa been in 
chief part founded. 

‘The total period of buman development is usually estimated 
at slightly under ten lunar months, The exact period cannot 
de ascertained, owing to the impossibility of determining the 
time at which fertilisation of the egg is effected, fe. ab which 

commences, 

‘The details of development of the haman embryo are closely 
similar to those of the rabbit; the chief points of difference 
being :—(i) the far longer time occupied by the human embryo, 
more than nine times as long as the rabbit; (ii) the extreme 
slowness with which the early stages of development are effected 
in the human embryo; and (iii) the early stage at which the 
allantois is established in the human embryo, and the peculine 
mode in which it is formed. 


THE HUMAN OVUM. 
1. Formation of the Ovum. F, 

‘The earlier stages in the development of the ova are already 
completed in the female child before birth; and after birth the 
formation of ova only goes on for a very short time, and to a 
very limited extent. According to Bischoff, Waldeyer, Foulis, 
and others, the formation of new ova ceases about the age of 
two years ; in other words, the ovarios of a female child already 
contain, at the end of the eecond year, all the ova that will ever 
be developed in them. As each ovum iz morphologically a 
single cell, this moans that an individual cell may live, and 
retain all its characteristic activities, for n period of forty-five 
years or more. 

‘The early development of the human ova must, therefore, be 
studied, not in the woman or child, but in the embryo, The 
several stages of its formation are eo closely sirilar to 
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The germinal epithelium, In embryos of about the fiftl 
nital ridges appear. as a pair of longitudinal band 
lorsal wall of the abdominal cavity, close to the inne 
of the Wi The ridges, which at first are 
merely vansed by the epithelial cells beeaning columnar in place 
of squamous in shape, rapidly increase in thiekness, partly o 
to active division of the cells of the germinal epitheliur 
‘dye, and partly owing to ingrowth of connectivs 
tissue alone their axes. 
1 intimate relation is established between 
x Wolffian bedy. a 
rad-like outgrowths arising from the Malpighian 
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nd growing into the substance of the 
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of its great: prominence during the early stages of develop- 
ment. 
The germinal epith: rise to the ova in much the 
: as in the iest stages it is a single 







repithelium cells. with large nuclei, the cells 
‘about (O11 mm. in length by 0-007 











s cells, the germinal epithelium rapidly 
The surface cells remain columnar, but 
cells, which a il or polygonal in. shape, 
grow down inte the conuective-tissue stroma as irregular 
iching rods of cells, the egg columns (Fis. 171). By further 
ards of the ex columns, accompanied by active 
tissue, the structure 
complicated. In place of the 
itltial cells clothing 















growth inw 
growth outwards of the v 
of the ovary rapidly heconn 














THE OVUM. 451 


filled with irregular colnthns or rods of epithelial cells, arranged 
for the most part vertical to the surface. 


‘The primitive ova. The columnar epithelial cells of the 
surface layer ore at first all much the same size, bat they do nob 
Jong remain eo. At an early period, about the sixth or seventh 
week, certain of the cells become conspicuons by their larger 
‘size and more spherical shape; these are the primitive ova 
(Fig. 171, cc), each of which is eapable of developing into a 
‘definitive or permanent ovum, and then, if fertilised, of giving 


F10, 171.—Part of a vertieabscction of the peritees ‘born Infant. 
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riso to an embryo. Ench of these enlarged epithelial cells is in 
fact a potential human being. 

On the formation of the egg colamns, by proliferation of the 
deeper surface of the germinal epithelium, the primitive ova are 
carried down into them in large numbers. As the egg colamns 
penetrate deeper and deeper into the substance of the ovary, 
they become broken up, by further growth of tho connective 
tissue, into groups or nesta of cells (Fig. 171, d, #), each neat 
containing one or more primitive ova as well as a number of 
indifferent: epithelial cella. In these nests a tendency soon 
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attaining their present position, passed in succession through the 
several stages which are met with in passing from the eurfice 
to the deeper parts of the ovary. 

‘The primitive ova sre spherical calls, from 0-05 to 0-07 mm. 
in diameter, with granular and rather ill-defined nuclei, and 
devoid of nuclear membranes, Each primitive ovum is inclosed 
in o follicle, coneisting of a single layer of small cubical or 
flattened epithelial cells. 


‘The permanent ova. About the time the egg follicles or 
capsules commence to form around the primitive ova, thes 
latter undergo changes by which they become converted into 
the permanent ova. Primitive ova occur in both sexes, and the 
carly stages in the development of the genital organs are the 
same in both; but the change to permanent ova occurs in the 
female only, and marks the establishment of sexuality. 

The change, as in other animals, chiefly concerns the nucleus. 
In the primitive ovem this is uniformly granular, with a rather 
ill-defined outline ; in the permanent orutm it becomes converted 
into a spherical vesicalar body, of much larger size than before, 
with a sharply defined double-contoured wall, fluid contents, 
and a nuclear retienlum with one or more nucleolar entarge- 
ments at the nodes. 

Besides the changes in the nucleus, the whole egg increases 
in size; its protoplasm, previously clear, becomes granular; and 
around the ogg, between it and the follicle, a thin elastic inveat- 
ing membrane, the zona radiata, is formed, 


The Graafian follicle. Hach ovum is surrounded at first by 
a single layer of cells, derived, like the oum itself, from the 
germinal epitheliam. These cells are at first flattened, but very 
shortly become cubical or columnar in shupe. Since they lie 
botween the ovum and the blood-vessols of the ovary, the nutrient 
matter must pass through the follicalar cells in order to reach 
the ovum; and it is probable that these cells do not merely 
transmit the food, but play some part in elaborating it. 

A second layer of cells soon appears in ench follicle, formed, 
as in the rabbit, between tho original layer and the ovum, and 
probably by division of this originally single layer of cells 
inte two, Shortly afterwards, by farther division, the follicle 
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part to increased pressure on the follicle, caused by a sudden 
accession of blood to the ovary. 


‘The ripe ovarian ovum. The ripe human ovum isa spherical 
cell, about 02 mm. in diameter. It consists of a granular mass 
of protoplaam ; within which is a nucleus, or germinal yesicle, 
about 0°045 mm. in diameter, containing a nuclear reticulam 
and a conspicuous nucleolus or germinal spot. The oyum is 
invested by a transparent olastic membrane, the zona pellucida, 
which is about 0°02 mm. thick, 

Each Graafian follicle, as a rule, contains only a single ovum ; 
in exceptional cases two ova, and in a few instances three, have 
been seen in the same follicle. 


2, The Corpus Luteum. 

After the discharge of the ovum, important changes oceur in 
the Graafian follicle, lending to the formation of the body known 
as the corpus luteum, which occupics and fills up the cavity of 

'The corpus Inteum is formed by rapid growth of the 
the empty follicle, which becomes thrown into radial folds, 
jecting into the cavity of the follicle, and blocking this up almost 
completely. ‘The folding involves both the follicular epithelium 
and the connective-tissue wall of the follicle, but the Intter 
takes the most active share in the process. The characteristic 
Fellow colour of the folded wall, which has given riso to the 
name corpus luteum, is due to large numbers of yellowish cells, 
derived apparently from the connective tissue stroma of the 
ovary. Between the two layers of each of the folds, blood- 
veruls pass in freely ; and the central cavity of the follicle, 
which, by ingrowth of the radial folds, is reduced to on irre- 
gularly stellate space, becomes occupied by a cicatricial fibrous 
tisene, which is red in the early stages, but in the later ones 
becomes grey. 

The subsequent changes in the corpus lutewm differ can 
siderably according to whether the ovam, which has been dis- 
from the follicle, (i) is fertilised and develops into an 
embryo; or (li) is not fertilised, but dics without undergoing 
further it 


any developmen: 
Tn the lntter case, ie. if the ovam is not fertilised, the corpus 
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or of any kind of influence from the male; but it is possible 
that, as held by many authorities, the discharge of ova, though 
in no way dependent on sexual intercourse, may yet be hastened 
by this, 
A. Menstruation. 

Menstruation is the periodical discharge from the oterus of 
a certain amount of blood, mixed with mucus from the uterine 
from disintegration of the mucous membrane of the uterus 
itself, 


There is 2 close connection between menstruation and ovu~ 
lation. Both processes commence ati puberty, and ee 
crm tho child-bearing’ pari They both recur 
od; farthon thas this tua babbevale sow BER exiePr eae aa 
processes occur, as a rule, simultaneously, The true nature 
and extent of the connection between the two will be disenssed 
after the natare of the menstrnal process has been considered 
more fully. 


During the period of pregnancy, that is, during the whole 
developing 


periods may also be affected by a variety of accidental or 
fical conditions, for the consideration of which reference 


blood and other matters, is not an isolated process, but iz the 
terminal act of a series of changes, which occur at regular 
intervals in the walls of the uterus, and of which the sequence is 
ax follows. 

Tn the quiescent condition the uterus is lined by a smooth 
mucous membrane, of a soft, spongy consistence, and pale red 
colour, Ib consists of a single layer of ciliated epithelial cells, 
resting on avery delicate basement membrane, beneath which 
is the connective-tissne layer of the mucous membrane, This 
latter ix abont 1:5 mm. in thickness, and consists 
tissue, with very numerous connective-tissuo cells, 
by irregularly arranged muscle fibres. It is ai 
outer surface to the muzcolar wall of the uter 
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At the commencement of a period, the menstrual discharge 
is viscous, consisting largely of mucus from ths uterine glands, 
slightly tinged with blood; in the middle of the period the flow 
becomes almoat pure blood; while towarda the end it becomes 
paler, the mucus again preponderating, Owing to mixture with 
tho uterine mucus, the blood of the menstrual flow does not congu= 
Tate. ‘Tho total amount of the menstrual discharge is usually 
from four to six ounces; but this may be widely departed from 
in individual cases, either in the way of diminution or of excess. 

On the cessation of the menstrual flow, the uterine epithelium 
is very quickly regenerated, spreading over the surface from the 
necks of the uterine glands. It is completely reformed within 
three or four days of the end of the menstrnal period. After 
this re-establishment of the uterine mucous membrane, the 
uterus remains in 9 quiescent condition for from ten days to a 
fortnight; at the end of this time it begins to swell again, and 
the menstrual process is repeated. This repetition occurs, as 
already noticed, at intervals, usually of four weeks, throughout 
the whole child-bearing period ; the only normal distarbing 
element being gestation, during which menstroation is in 
abeyance, recommencing 4 short time after the birth of the child. 
5. Explanation of the Menstrual Process. 

The complete menstrual cyele, oceupying in typical cases 
twenty-cight days, may be divided into four stages, which 
follow one another in regular sequence. 

(i) The first or constructive stage is characterised by awelling 
of the mucous membrane, enlargement of the uterine glands, 
and increase in the connective-tiseue cells of the mucous mem- 
brane; it results in the formation of a menstrual decidua, lining 
tho entire ntorns. 

(ii) The second or destructive stage includes what is ordinarily 
known as the menstrual or catamenial period. It is marked by 
abundant discharge of mucus from the enlarged glands, and by 
the disintegration and discharge from the uterus of the inner 
layer of the mucous membrane. It involves loss of the epithelial 
lining of the uterus and of the necks of the glands, and is accom 
panied by hemorrhage. 

(iii) The stage of repair comes next, during which the 
uterus is recorering from the destructive changes. The uterine 





stroal constructive process goes on without the stimalas afforded 
by the presence of an ovum, 

As regards the actunl changes in the uteros itself, the 
resemblance between the two cases is so great that it seems neces- 
sury to suppose that their significance is the same; and it must, 
therefore, be concluded that the human uterus periodically pre~ 
pares itsel Uy the foaintSon oF dock3eal Tiina ronda 
of an ovum; the process occurring at monthly intervals through 
out the child-bearing period, and quite irmepectively of the 
presence or arrival of a fertilised ovum, 

The second or destructive stage, constituting the act of 
menstruation in the ordinary sense of the term, is much more 
ies to explain. At first sight it appars to consist simply 

and somewhat violent, undoing of the work accom= 
lb fit Oia recede wa 

If, however, it is compared with the changos that take place 
in the rabbit's uteros during gestation, ib is found that the 
human uterus at the end of the constructive period of menstran- 
tion has reached a stage corresponding to that of a mbbitix 
uterus at the end of the serenth or beginning of the eighth day 
of pregnancy, when the blastodermic vesicle is still lying freely 
within the uterus, but is just about to acquire ite attachment, 

In the rabbit this attachment is effected, early on the eighth 
day, by fusion of the wall of the blaxtodermic vexicle with the 
epithelium of the modified and hypertrophied plicental lobes of 
the uterus (Fig. 169). ‘This fusion is immediately followed, or 

degenerative changes in the uterine 

opposite the aren of attachment, which 

rapidly lend to absorption of the uterine opitheliam, and of the 
ne glands. 


Siesta anl'yil ns deaed the oeclolingcoctien off 
chapter; and inasmuch ss the portion of the wall of the aterus 
which is concemed in the changes is the esme in menstruation 


fied form to the rapid absorption of the ssme parts which oceurs 
pormally ine ney 

They cuacienaeat age ‘tage of menatrestion, 0d; a0 Sabb diets 
the destractive stage an well, may be regarded as phates in the 
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two or three days before the commencement of the period, 
while others maintain that it happens at the middle, or even: 
towards the end, of the period. It is very possible that there is 
no constancy in this particular respect, 

A still inore difficult point remains to be considered. ‘The 
menstrual decidua is to be viewed as a preparation on the 
of the uterus for the reception of an ovam; but it hag to 
be determined whether the decidua which is broken up nnd 
discharged at a given menstrual period is the one prepared for 
the ovum which is set free from the ovary at the same period, or 
for an ovam liberated at some previous or subsequent period. 
‘The question is one of great importance, as the means of doter- 
mining the age of human embryos are very materially affected 
by the answor given to it. 

‘The menstraal cycle has been seen to consist essentially in 
periodically recurring preparation of the uterus for the recep= 
tion of an ovum. It is important to determine, if possible, at 
what particular phase of the cycle, the uterus is inthe condition 
most favourable for the reception of an ovum. Very different 
views have been expressed on this point, and two of thee call 
for epecial notice, 

(i) That the end of the constroctive period is the natural 
and most favourable moment for the ovum to enter the uterus. 

(ii) That the period of quiescence is the most favourable 
time. 

Tn support of the former view, it is urgod that the formation 
of the decidua is unintelligible except on the supposition that it 
isa preparation for the reception of the ovnm ; and that’ the 
analogy of the rabbit's uterus, in which the sequence af changes 
is strikingly similar, is in favour of the end of the consteveti 
period, or perhaps the commencement of the destructive period, 
being the one specially concerned with tho fixation of the ovum 
to the wall of the ateras. - 

It must be noticed, however, that if the normal time of 
attachment to the uterns is, in the human ovnm, the end of the 
constructive period, (.e. the commencement of the menstrual 
period, then it is clear that the ovum which is to be atteched 
cannot be the one discharged from the ovary at the same period. 
For the discharge of the'ovam is practically coincident with the 
onset of the menstrual period; and the ovum, after leaving the 
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is related, not to the ovum discharged at that period, but to the 
ovum discharged at the preceding period. 

Tt follows that there is no necessary connection between 
ovulation and the occurrence of the monstraal flow; a point 
which helps to explain the eases quoted by Kolliker, Coste, and 
others, in which there was no discharge of ova ab the time of 
menstrantion. 

‘The fact that the two procesaes, ovulation and menstruation, 
occur normally at or about the same time, may perhaps be 
explained by the consideration that at the time of ovulation 
there is very considertble congestion of the ovaries and Fal- 
lopian tubes; and this, owing to the free communication between 
the ovarian and uterine arteries, must almost necessarily cause 
congestion of the aterue; and this determination of blood to 
the large and thin-walled vessels of the decidua is probably an 
important factor in causing the menstrual hemorrhage. 


7. The Duration of Pregnancy, 

Much has been written on this point, and many elaborate 
tables have been compiled from which it appears: 

(i) That there is no absolutely fixed period of gestation. 

(ii) That there is no means of determining with certainty 
the commencement: of gestation, as the precise time of fertilisa- 
tion of the ovam cannot be ascertained. 

Tt is customary to calculate the duration of pregnancy from 
the last occurring menstrual period; and this, if the argument 
given above is correct, will correspond with the discharge, from 
the ovary, of the ovum from which the child is developed. The 
most reliable estimates indicate a normal duration of 
ating from the last occurring menstrual period, of 270 to 280 
days. This is, however, estimated by some authorities from the 

sad. mone usually, from the 


It is possible that the actual limits, in normal pregnancy, aro 
not so wide as indicated above. Apart from the difficulty of 
determining the date of fertilisation, the chief canses of uncer- 
tainty arise from our ignorance of the length of time during 
which the ova and spermatozoa retain their vital activity, after 
leaving the ovary and testis respectively. 
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nocertain knowledge, but if is commonly held that the intervals 
during which there are no ova capable of being fertilised are at 
lenst as long as the poriods in which there ore euch ova. In 
other words, assuming that the ova discharged at a given men~< 
straal period retain their vitality for from ten to fourteen days 
—a pure assumption—there would be an interval of about two 
weeks before the next menstrual period, i.c. before the next dis~ 
charge of ova, and during this interval there would be no forti= 
lisable ova in the oviduct, and fertilisation could not take place. 
Any spermatozoa received during this interval would have to 
wait until its close, at the next period of ovulation, before they 
had a chance of meeting with ova capable of being fertilised. 


‘There seems to be a general consensus of opinion that the 
first day or days after the cessation of the menstrual period are 
the most favourable time for fertilisation to take place. ‘This is 
in complete accordance with what has been guid above, both 
with regard to the ovum and the decidua, for the ovum will be 
lying within the Fallopian tube in a healthy fertilisable condi 


tion and easily accessible to the spermatozoa; while if the ovum 
takes another week oreo to travel down the tube to the uterus it 
will enter this latter while it is in the quiescent state, which, it hue 
been shown above, there is reason for regarding os the most 
favourable one for the reception of the ovum. 


8. Estimation of the Age of Human Embryos. 

It follows from what has been said sbove, that there is no 
means of detcrmining with certainty the age of a human 
embryo prematurely discharged from the uterus; for develop- 
ment dates, not from the discharge of the ovum from the ovary, 
but from the moment of fertilisation; and this latter cannot be 
determined. 

Ovalation is a process easily overlooked, but the fact that it 
occurs simultaneously with the menstroal periods rendere ite 
date readily determinable, but within certain limits only, The 
connection between the two processes is a loose one, and it is 
probable that ovalation may occur ejther from two to threo days 
before a menstrual period, or durin the period; giving a pos 
siblo error of about a week in estimating the age of an embryo 
from the date of menstruation, 
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to convert the retrogressive changes of the uterus into pro- 
gressive ones 

(iv) The rule is not in accord with the well-established fact 
that, in order to insure pregnaney, the most favourable time for 
intercourso is shortly, or immedintely, nfter the conclusion of a 
menstrual period. This is intelligible enough if the ovum to be 
fertilised is the one discharged -at that period ; bnt is hard to 
understand if, a8 the rule requires, these spermutozon have to 
waib for a period of three weeks or more, until the next discharge 
of ora. 

‘These objections are serious ones, and Professor His, in the 
second part of hia work, recognises that the rule us originally 
formulated cannot apply to all cases. He quotes instances in 
which the dates were accurately recorded, and in which the 
fertilised ovum must have belonged to the last oceurring period, 
and not to the first omitted one; he is of opinion, however, that 
the rule as stated aboye will still apply to, the majority of 
(CnBES. 2 

‘This more recent viow may be expressed graphically, thus. 
Tf 1, is tho first day of the last actually occurring menstrual 


period, and TE. js the first day of the frat omitted period; then 
the powible days of fertilisation are ax follaws:— 


EAB Ok Oy Oe Co) foes eee 26, 97.98, TE 


‘That is, an ovum discharged during an actually occurring period 
remains capable of fertilisation for a certain numbor of days, ex- 
pressed in the formula as 4 week, commencing with L, and 
ending at 7. During this time ib may be fertilised, either by 
spermatozoa received after the period is over, or received before 
the period and retained in the oviduct during it. In the case 
of these onibryos the age should be calculated from 1, the first 
day of the last actually occurring period, 

On the other hand, Professor His, and others, maintain that 
there are possibilities of fertilisation at the other end of the 
series ; and thatan ovam, discharged from the ovary « day or two 
bofore the noxt period, IL, ia duc, may, if fortilieed, stop that 
period from ocenrring; and in such casos, if they really happen, 
the age of the embryo should be calculated from the first omitted 

sand not from the Inst occurring one, It is not yet 
certain which of thes: two possibilities is the normal mode of 
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fortnight is occupied in preliminary processes, no trace of the 
embryo appearing until the twelfth or thirteenth day. From 
the end of the eecond to the end of the fourth week, the embryo 


is acquiring definite form, and the various organs and systems 
aro being established. From the fourth to the sixth or seventh 
week there is a gradual change ftom the embryonic to the footal 
form ; the head becoming uplifted, the nose, ears, and lips esta~ 
blished, the limbs divided by joints, and the fingers aud toes 
formed. By the end of the second month, the general form is a3 
shown in Fig. 212, and from this time onwards the further 
changes consist chiefly in incrense of size, and in proportionately. 
greater development, of the limbs. 

The changes that occur in the shape and sixe of the embryo 
up to the end of the second month are well shown in the series 
of outlines given in Figs, 176 to 178, 189 to 195, 199 to 203, 
205, 211, and 212. These figures, which are borrowed from 
Professor His, are fn ench case five times the Inear dimensions 
of the embryos themselves. 


1, The First Weel, 

‘Tho fertilisation of the human ovum has not been studied. 
A single observation, by Nagel, of a ripe ovarian ovum, removed 
by operation and examined in a fresh condition, showed that 
two polar bodies were present, lying on the surface of the ovum 
within the zona pellucida. 

‘There is no reason for supposing thnt fertilisation ia offected 
in other than tho normal manner; and it is probable that it 
takes place at or about the time the ovum leaves the ovary and 
enters the oviduct, 

‘The segmentation of the human ovum hasnot been seen, It is 
highly probable, from analogy of other Mammals, that it occurs 
daring the passage of the ovum along the Fallopian tube towards 
the uterus. 

The ovum of the dog, which is slightly smaller than the 
human ovum, travels quickly along the first part of the oviduct 
bat stays come days in the distal or lower part, where if under- 
goes eegmentation, entering the uterus eight or ten days after 
leaving the ovary. Bischoff and others believe, though there ix 
no direct evidence on the point, that the human ovam agrees in 
this respect fairly closely with that of the dog; un 
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segmentation in the lower part of the oviduct, and not entering 
the uterus until from eight to ten days, or perhaps longer, after 
the time of discharge from the ovary. 


2, The Second Week, 

Of ova or embryos which are believed to belong to the end 
of the second week a few examples have been deseribed, ‘These 
are of great interest, although thers is room for doubt in some 
of these cases whether the specimens can be regarded as perfectly 
normal. 

Reichert's ovum. ‘The best known instance is an ovam de- 
scribed by Reichert, and believed to be of about the twelfth or 
thirteenth day. Thi ovum, which is represented four times the 


‘FrG. 172. Pia. 178. 


Fios.172 and ront and side views of Reichert's Ovaw, (From K6lltker, 
after Reichert.) » 4. 


4. 172 and 173, was found, i sifu, in the 
uteras of 4 woman who had committed suicide, and gave every 
indication of being perfectly normal. 

The ovam was a ular body, lenticular in shape, and 
measuring 55 mm. across its greater diameter, and 33 nam. 
from side to 1 OF the two surfaces, the one turned towards 
the wall of the uterus, C 173, was more 
convex than the sito which faced towards the eari 
of the uterus. ‘Tho margin of tho vesicle was thickly fringed 
with villi, the largeet of which were 0-2 mm. long, aud slightly 

the middle portions of both surfaces were smocth, 

and devoid of villi ; Fe in the centre of the mors convex or 
surface was a small circular spot (Fig, 172), 76 mm. 

, and of a darker colour than the rest of the vesicle, 

The relations of the ovum to the ateras wer as followayne 





glands. 

Tn the ovum itself thems was no 
indication of primitive or neural grooves, 
nor of any other part of the embryo. rn een ee 
‘The wall of the vesicle was described by Reichert's. 
Reichert as consisting of a single layer Prem His.) 6 
of flattened epithelial cells, prolonged — “! "rele 
outwards to form the hollow villi, In the cirenlar patch on 
the uterine surface, spoken of as the germinal or embryonal 
eres, a second or inner layer of finely granular nucleated cells 
was present, ‘The cavity of the vesicle was occupied by a 
gelatinous fluid, traversed by a network of fibres, and con- 
taining within it a rounded body attached to the germinal area, 

Lining the whole vesicle was a second, fairly coherent 
membrane, with which the fibres were continuous. By Reichert: 
this second membrane, the network of fibres, and the central 
rounded body were all alike considered to be artificial products, 
due to coagulation of the fluid contents of the vesicle by the 
alcohol in which the specimen was preserved. 

Ova of similar appearance, and of apparently about the same 
age, have been described by Wharton Jones, Breuss, Kollmanu, 
and others; and in none of these cases was any trace of an 
embryo present. 

‘The position held by the cvum in relation to the uterus, in 
the case recorded by Kollmann, is shown in Fig. 175. The 
whple nterua was lined by a decidoa! membrane, pv; this was 
greatly thickened about the middle of the ventral wall, forming 
the decidua serotina, pw, to which the ovum, cv, was attached ; 
the decides stztentthg over the ovam.eo\asto. complotaly ene 
capsule it. The orem itself was in the form of a hollow, thin- 
walled vesicle, with short branched villi projecting from its 
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congulation product, is of the nature of connective tissue, and 
therofore of mesoblastic origin. This latter point ie, however, 
doubtful one. 
In tho present state of our knowledge it is hardly possible 
comparison 


Whe difficulty is much increased by the absence of detailed 
histological description, and by the doubt as to whether the ova 
tire in all respects normal, It must aléo be borne in mind that 
we are absolutely ignorant of the mode in which segmentation 
of the haman ovum, and the immediately succeeding stages are 
effected ; and that grent uncertainty still exists with regard to 
the details of these processes in the rabbit. 

As, however, the several human ova of the stage in question 
agree in a number of important points, and ae, in the case of 


ag normal, it ix advisable to make such 
between these ova and the several stages of development of such 
a Mammal as the rabbit. 

Tn the first place, the complete absence of any trace of an 
embryo indicates that the stage is a yery early one. In ova 
which there are strong reasons for regarding as but one or two 
ays older, an ombryo is present; 80 that the stage 
by Reichert’s ovam may be described as one shortly hefore the 
first appearance of the embryo, and as corresponding in this 
respect with the blastodermic vesicle of a rabbit at about the 
fifth or sixth day. 

In its vesicular character, the thinness of its walls, and the 
presence of a central embryonal of different constitution to 
the reat of the wall, there are additional points of resemblance 
between Reichert’s ovum and blastodermic vesicle of a 
rabbit of the sixth day, or of a dog in the early part of the 
third week. There is also 4 close correspondence in actual size 
between these stages in the three instances. 

» Reichert was of opinion that this comparison was a troe 
and the view is supported by His, who gives in illustra- 
tion of it the diagrammatic section (Fig. 174). His considers 
that the outer wall of the vesicle consists of epiblast only, and 
that the hypoblast forms the inner circular patch of cells in the 
embryonal area; he also regards tho central rounded mags of 
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Embryos of the Thirteenth and Fourteenth Days. 

‘His’ embryo, BE. One of the youngest human ova containing 
a distinct embryo was obtained by Professor His in 1869, and 
was carefully described by him under the distingniehing letter 
E. This embryo, which is at present deposited in the Anato- 
mical Museum at Basle, is estimated to be about thirteen days 
ald; it is represented from the right side in Pig. 176; and im 
dingramamatic sagittal section in Fig. 188. 

The ontire vesicle (Fig. 188) is o thin-walled sac, measur- 
ing $5 mm. by 55 mm, and covered all over with branched 
villi, The contained embryo (Fig. 176) is 2-1 mm. long, and 
is attached at its hinder end, by a short thick stalk, to the inner 
surface of the vesicle. A slight constriction separates the 


p b ® 


¥ra, 176. Fic, 177. ro. 178, 
Fras. 176, 177, 178 —Outline figures, fram the right sido, of thre Homan 
Leeds estimated to be of the thirteenth or fourteenth days. (From 
5, 


Pro. 176.—Emibryo lott Professor His, E 188 
Fie. 11 Rabie deserved by Allen Thomann 
Fia. 178 —Enibryo lettered by His, SK (ef. Hig. 179). 


embryo ventrally from the yolk-sac, which measures 2-3 by 
16 mm, Covering the embryo, but at a short distance from it, 
is a membranons fold, which is clearly the inner or trae amnion. 
‘Tho embryo itself presents along its dorsal surface a shallow 
neural groove, bounded by prominent neural folds; and the 
only other organs visible on the surface are a pair of longi- 
tudinal folds, formed by the two halves of the heart, and lying 
between the anterior end of tho embryo and the yolk-sac, 
From the heart, vessels can be traced, running over the surface 
of the yolke-snc. 

His’ embryo, SR. ‘This is a well-preserved embryo of the 
thirteenth day, slightly older than the embryo E, but very 
similar to it in all important respecta, 

‘The entire yesicle measures 8 to 9 mm, in diameter, and 
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the head and the yolk-su. ‘There is as yet no trace of either 
visceral arches or clefts; and the dorsal surface of the embryo is 
enveloped in the thin membranous amnion, 4x, which now lies 
rather closer to it than in the case of the ombryo B. 

Human embryos of about the same age as the embryos E 
and SR have been described by Allen Thomson (Fig. 177), 
Keibel, V. Spee (Figs. 180 to 184), Kollmann (Fig. 185), and 
others. These all agree in essential respects, and leave no doubt 
that the stage must be regarded as a perfectly normal one, 

V. Spec's ombryo, which was studied by means of sections, is 
of considerable importance, as it has shown the internal strue- 


Fig. 181. 


Fia, 180.—A Hassan Bmbryo of aboat the thirteenth day, from the left sido: 
the wall of the Ulastodernio vesicle bas been in chief part. removed, 


Fin, ie i veal Pe from the dorsal gurface, (After V. Speo.) «14, 


taser oe hes eat ot gore. NT, 
oc ee wine oe Vavnhcne Sova: oe 


ture, and the relations of the germinal layers, at the stage in 
question. 

This embryo is represented from the left side in Fig. 180, and 
from the dorsal surface in Fig. 181. It is, if anything, slightly 
younger than the embryo E, and the constriction separating the 
embryo from the yolk-sac has hardly commenced to form, The 
head of the embryo (Fig. 181, up) is wide and flat, and the 
noural groove is shallow. At the hinder end, the two neural 
folds diverge from each other, and embrace between them the 
anterior end of well-marked primitive streak (Fig. 181, P3); 
and just in front of the primitive streak is a small but well- 
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places the mid-gut and yolk-ene in direct communication with 
tho exterior, It will be noticed that the wall of the yolk-sac 
consists of an inner lining of hypoblast, #, and an outer wall 
of mesoblast, mit, in which are very numerous blood-vessels, 
On the right side the mesoblast was torn in the section, and is 
indicated by a dotted line in the figure. 

‘The amnion, AN, in all three figures is seen to consist of both 
epiblastic and mesoblastic layers. 

Kollmann’s embryo (Fig. 185) is rather older than the 
others described in this section, and may be estimated as of the 
fourteenth day. Tt affords an important transitional stage 


5 eT 


Fie. sae Homan Embryo of about the fourteenth from the right side, 
sae praqrtpetiaarig Les pny amet: 
cane Kollmann.) 27. 


ae ae ee 
jitaline ve. ‘YB, yuuh-walh eu ba ti 


between the embryos BE and ie on the one hand, aud on the 
other the embryos of the third week, which will be described in 
tho next section. r 

Kollmann’s embryo (Fig. 185) measures 2-5 mm. in length. 
As compared with the entlier embryos, the head is lunger and 
more prominent; and the embryo is much mon: distinctly 
constricted off from the yolk-snc, ‘Tho nonral folds have met 
and fused, to complete the neural canal, in the hinder part of 
the body, but the neural groove is still widely open in the head 
aud anterior part of the body. Tho brain vesicles are becoming 
evident, and the flexure of the anterior ond of the head is already 

1 
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Another difference of even greater importance between the 
two embryos is found in the relations of the yolk-suc in the 
two cases respectively, to which attention has already been 
directed, In the rabbit, the yolk-sac (Pig. 146, ys) is part of 
the blastodermic vesicle iteelf; while in the human embryo (ef. 
Fig. 188) it lies freoly within this. ‘This difference is explained 
by Keibel ax due to a relatively curly extension of the splitting 
of the mesoblast, in the human embryo, right round the lower 
half of the blastodermie vesicle, In the rabbit (Fig. 147) the 
mesoblast, and consequently the cavity, ©, between its layers, only 
extends halfway round the blastodermic vesicle, stopping at 
the sinus terminalis, st. If, in the rabbit, the mesoblast, and 
the split between its somatic and splanchnic layers, were to 
extend round to the lower pole of the blastodermic vesicle, then 
the yolk-sae would be completely split away from the wall of the 
vesicle, and a condition similar to that of the human embryo 
would be attained, 


No stages intermediate between Reichert’s ovam and His’ 
embryo E, or V. Spee's embryo, have yet been described. The 
gap, though probably only a slight one in actual time, is of _ 
great importance; for, while Reichert’s ovum has no trace of 
an embryo, His' embryo E possesses neural groove and folds, 
heart and yolk-sic, nnd bos both amnion and allantois woll 
developed. 

His has attempted to bridge over the interval, and has 
given a series of diagrams, reproduced in Figs. 186-188, show- 
ing hypothetical intermediate stages. 

‘The figures represent dingramuatic longitadinal sections 
through embryos at successive stages of development, and should 
be compared with Fig. 174, which represents a cimilar section 
through Reichert’s ovam. 

In Fig. 186, which ix a hypothetical stage, the commence 
ment of the formation of the embryo is indicated. The 
embryonal or germinal area has become somewhat depressed, 
but at its anterior end, to the right in the figure, is lifted up 
by the commencing head fold. 

In Fig. 187, also a hypothetical stage, the general depression. 
of the embryonal area hne increased, tho embryo being pushed 
down into the blastodermic vesicle. ‘The head fold has deepened, 


aie 
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a change dae poseibly, as Professor His suggests, to backward 
growth of the head fold of the amnion of the earlier 
indicated by the dotted lines in Fig. 187; but more probably 
cansed, at any rate in part, by approximation and meeting of 
the side folds of the amnion along the mid-dorsal line. 

His’ diagrams (Pigs. eS ae 
ligible and consistent theory concerning the development of 
jis knee eciege WencAS MA aT by Reichert's ovam 
to that of the embryos E and SR, and it is greatly to be hoped 
that opportunity may occur for testing thelr correctness by 
actual observation. 

Tf the transition occurs in the way suggested by Professor 
His, then both the amnion and the allantois of the human 
embryo present features differing widely from those of the rabbit. 
The amnion has no tail fold, which is almost the only part 
developed in the rabbit; while the allantois is, from the first, 
continuous with the chorion. 

Even in the rabbit, however, an approach is made towards 
the mode of development of the allantois supposed to occur in 
the human embryo; the mesoblast of the allantois in the rabbit 
being, from the first, continuous with the mosoblast of the tail 
fold of the amnion (Fig. 146), and very early fusing with the 
chorion as well (Pig. 147). 

‘The precocious development of the allantois, which is one 
of the most striking points about the human embryo, may be 
connected with the precocious appearance of the vascular layer 
of mesoblast lining the blastodermic vesicle; and both features, 
in £0 far as they are exceptional, may be regarded as examples of 
the tendency to shortening or abbreviation of the processes of 
development, which is so constantly encountered by the student 
of embryology. 

The establishment of a vascular connection between the 
embryo and the chorion, and so indirectly with the mother, is 
the characteristic feature of mammalian development; and it ia 
not surprising to find, in the most highly developed of all 
Mammals, this feabare thrown back to an earlier stage than that 
at which it originally appeared ; and burried on prematurely, 
even at the expense, a8 it would seem, of the embryo itself, whose 
development is unusually retarded, 
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Coste’s embryo (Fig. 196). An embryo described and figured by 
Coste, about the precise age of which there is some doubt, appears 
to belong to the commencement of the third week. The whale 
vesicle measures 16°2 mm. along its greater diameter, and is 
covered externally with short, slightly branched villi. ‘The em- 
bryo is attached to the inner surface of the vesicle by a short 


Pros, MRNA N Gai kia ee 
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Fie. decade Go baer Professor His, Lg. and ‘estimated | ‘as fifteen 
Gubcyp lotored by Profemor Mis, Sch, and estimated as fie 


a by Profesor Hix, M, anil estimated aa ightorn 
va ate er by Prater Alen ‘Thomson, und peobably about 
ria. Tinto letere ty Profesor Hl, BD) an estimated a aboot 
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Fro. 198 2m aetiby Poston 
twenty-one dase old, ( Fig on pa ring 


and estimated as twenty or 


thick allantoic stalk, 4.5. The head end of the embryo is well 
developed, and raised freely above the yolk-sac; but the body is 
still 20 closely connected with the yolk-sac that a distinet yolk- 
stalk can hardly be said to be present. The body of the embryo. 
is concave upwards, and the tail hasa well-marked apward diree- 
tion, In the neck, three viseeral arches are visible as thicken- 
ings, but the grooves between them are only faintly indicated- 
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it is not yet certain whether it is to be regarded a3 a normal 
feature. His has suggested that it may possibly be caused by 
the embryo tending to increase in length more rapidly than the 
closwly fitting amnion will allow it ta; the embryo consequently 
becoming bent at the place where its ventral wall is weakest, he. 
opposite the yollk-sac, 

In the head, cranial flexure is well marked, the anterior part 
of the head being bent down at right angles to the hinder part, 


Wot Et 


Fic. 192,—Human Emteye Jattered by Profesor His, Ly, and ostimatod ax 
fifteen days ol wall of the biastodermic vesicle hus been removed, 
the 0 which the allantoig stale f¥ continuoas (From 


AN, a slliory ot, AE, on 

gs, Bae marti M. Malar arch. Dear PE, 

and the fore-brain being in coneequence carried round to the ander 

surface of the head. The prominent angle of the brain is formed 

he mnid-brain, nv, behind which comes the nearly stright 
hind-brain, 

At the sides of the fore-brain are lateral ewellings, caused by 
the outgrowing optic vesicles, but there is aa yet no trace of the 
lons. The anditory pits, &, are a pair of shallow depressions, 
with widely open mouths, at the sides of the hind-brain. 
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carionsly characteristic of the embryo Lg, and of others of the 
same age. 

‘The greatest length of the embryo Lr, measured in a straight 
line, from the swelling caused by the mid-brain to the rounded 
hinder end of the body, is 42 mm. 

Tn tho head, the outlines of the soveral brain vesicles can be 


dorm sorta. A, 
in the 


recognized fairly accurately through the ekin; and the propor 
tions have not altered very greatly from those of the earlier 
embryo, Lg. ‘The axes of the fore-brain and of the hind-brain 
are still at right angles to each other, the mid-brain forming a 
prominent rounded swelling at their junction. The fore-brain 
is wider from side to side than before, owing to the optic vesicles, 
which project outwards from its sides, 
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of the head, are Inrger and deeper than before, and are bordered 
by prominent lips, with somewhat irregular outlines. At the 
inner and ventral corner of each olfactory pit there is a small 
but deep notch, oJ, with a sharply defined border: from this 
notch the organ of Jacobeon is developed. 

‘The eyes ure very much smaller than in a chick embryo at 
a corresponding stage of development. ‘The lens is present a 
a small circular pit, with an open mouth, oc. 

‘The auditory vesicles, ef, appear from the surface as a pair 
of rounded swellings, just above the dorsal ends of the hyoid 
arches, HY. 

‘The visceral arches have undergone considerable modifica- 
tion, The maxillary arch, Mx, lies immedintely behind the 
eye; it is larger than before, but is still much smaller than 
the arches next behind it. The mandibular arch, sx, is the 
Inrgest of the series, and is partially divided by a 
about the middle of its length, into dorsal and ventral portions. 
‘The hyoid arch, #¥, is nearly as large as the mandibular arch, 
and is also constricted across its middle. ‘The first branchial 
arch, tit,1, lies behind the hyoid arch, aud is of much smaller size 
than this, A stil] smaller second branchial arch is present, but 
is not visible from the surface, being overlapped and concealed 
by the first (of. Fig. 239, p. 

With snel w een clefts, it is probable that none 
are open at this, or indeed at any period in development; but 
the point has not been dotermined with sbsolute certainty. 
Behind the first branchial arch there is, on each side of the neck, 
& deep pit, the sinus precerviealis, su. This is a blind pocket, 
(of. Fig. 239), formed by m process of telescopiny Sous 
ap gre OE on nial aera 
80 as to lie botween the anterior arches, instead of behind these. 
‘The sinus precervicalis does not open into the pharynx or into 
any other cavity, and at a later stage itis obliterated by fusion of 
its anterior and posterior walls with each other (cf. Fig. 240, sv). 

‘The month (¢/. Fig. 206) is much wider from side to side than 
in the earlier stages; it is bounded in front by the fronto-nasal 
process, at the sides by the maxillary arches, and behiné 
the mandibular arebes, 

Jn th) Bate he ebro hier. te Daimiaal on 
protovertebrmm, are clearly visible; of these, ei 
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half of the entire embryo. The shape of the head is still deter- 
mined almost entirely by the brain, of which the several divisions 
are clearly recognisable from the surface, AI! parts of the brain 
increase 


+e 


i processus 
lares (Figs. 206, 207, 20), The onter borders ure formed by 
the lateral frontal processes, which separate the olfactory pits 


of each olfactory pit is incomplote, and 
between the processus globularis and the lateral frontal process 
there isa deep nasal groove (Fig. 206), leading from the olfactory 
pit to the stomatodeum, Towards the end of the fifth week, 
tho maxillary arches (Fig. 207, sct) bocome more prominent, and 


from the olfactory pits to the mouth. ‘Ab the same time the 
apertures of the olfactory pits become narrowed, to form the 

extornal nostrils, 
The bridge of tha nose is formed from the median part of 
process (Figs. 206, 207, rr). At the com= 


the close of the week, a blunt process appears in the 
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expressed, the telescoping of the hinder arches within the 
anterior ones (of. Fig, 259), bos been alwady referred to. At 
the end of the fourth week (Fig. 204), the second branchial 
papmpipetnetie dad ati ea uit oo 
by this in surface views. Early in the Bfth week, the second 
tmanchial arch is in its turn overlapped by the hyoid arch ; and 
from about the thirtieth day onwards (Fig. 205) the only 
archea visible on the surface of the neck are the maxillary, 
mandibular, and hyoidean. Behind the arch is the 
ip ae ody tin rcervis (Pg2Uh, 5 
which must not be mistaken for a visceral 

Deca da ahi qhal. tha escea Ie ERSTE 
become more prominent, and gradually give risa to the folds 
from which the external ear is developed, in the following manner. 

At the end of the fourth week (Fig. 204), the hyomandi- 
bular cleft, uM, is a deep groove between the mandibular and 
hyoid arches, and ranning about halfway acros the head, 
‘The mandibular arch ix divided by a slight constriction, about 
the middle of its length, into dorsal and ventral portions: of 
these, the ventral portion bears at its upper and posterior border 
a small rounded process, well shown in the figure, and named 
the tuberculam tragicum ; while the dorsal portion of the arch, 
to which the reference Line, a2, rans, ia the tubsroulum anterius 
helieis. Opposite the dorsal end of the hyomandibular cleft is a 
longitudinal ridge, the tuberculum intermedinm helicis. 

‘The hyoid arch is divided, by two transverse constrictions, 
into dorsal, middle, and ventral lobes: of these, the dorsal lobe is 
nomed the tubereulum anthelicis; the middle lobe, to which the 
reference line, HY, in Fig. 204 runs, is the tuberoulum anti- 
tragicum; and the ventral lobo, which is tho smallest of the 
threo, is the tuberculum lobulare, 

Th the course of the fifth swellings assume more 
Aefinite form, and gradually give rise to the several parts of the 
external ear or pinna. Tho tuberculam anterius helicis (Fig. 
208, 2), and tuboreulam intermedium (i) unite together, and 
with a vertical ridge, the cauda (3c), which arises along the 
posterior border of the hyoid arch, to form the horse-shoe shaped 
marginal rim, or helix, of theear. The ventral ends of the hyoid 
and mandibular arches fase, and so give more definite shape ta the 
hyomandibular cleft, which latter becomes the external auditory 





THE PLT WEEK. 5OL 


The hind-limb is slightly bohind the fore-limbjn its develop~ 

ment, and at the ond of the fifth woek the toes are only just 
to appear. 

‘The fore- and hind-limbs of each side are still connected by 

a Jow and inconspicuous Wolllian ridge. During the fifth week 

the tail (Pig. 205) is more conspicuons than at any other stage 


in th aioe the snall ne 
he amnion and the 


in development ; it is a thin pointed projection, usually bent 
either laterally, or backwards, by tho pressure of adjacent parts. 


6, The Sixth Week, 

During the sixth week the embryo increases in size, though 
nob so rapidly asin the earlier stages. At the commencement 
of the week it is about 16 mm. long, and at the close about 19 
or 20 mm., but the actual measurements depend rather on the 











the cet pat haere The elbow and knee project 
outwards at first, but towards the end of the sixth week the limbs 


Vio. 211, -Humua Embryo about the middie of the sixth week, 
mm Hin.) *5. 


become rotated 20 as to lie alongside the body, the elbow being 
directed backwards, and the knee forwards, i 

‘The tail is less conspicuous than before, and owing to 
growth of adjacent parts ix gradually becoming incorporated in 
the body, 


7. The Second Month. 
At the end of the second month the embryo measures from 
25 to 30 mm. in length, and weighs from 12 to 20 grammes. 
‘The cervical flexure has almost disappeared : the head is 
eal ee ia lo ory. len ein Sms ee 
the entire embryo, The eyelids, nose, lips, and external ea 
have ail soar ceraeceewbia Aran; Gh eee 





504 THE HUMAN EMBRYO. 


before. ‘The median part of the upper lip is formed by the 
two processus globulares, which mest and fuse shortly before the 
end of the second month. The cheeks are now well formed. 





Fic. 212,—Human Embryo at the end of the second month, 
(From His.) x5. 


The limbs project some distance beyond the body; and the 
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fore-limb, which is still the larger of the two, has the charac- 
teristic shape of the human ann. ‘The thumb is clearly marked 
off from the fingers, and the deltoid swelling at the shoulder is 
already prominent. Tho leg is smaller than the arm, and is 20 
directed that the soles of the feet are apposed. 

The neck is woll marked, though short. The ventral wall 
of the body is completely formed, ‘The umbilical cord, which 
attaches the embryo to the placenta, is about 8 or 10 mm, long: 
it ic a8 o rule straight, but may be slightly twisted on itself, 
Tt is formed by tho allantoic stalk and yoll-stalle, bound together 


Fro. 213. Fig. 214, 
Fig. 213-—Head of Homan Embryo at the ond ot the seventh week, HIM, 


i nuditory meatus, (irom His) 
Fro, 211—Hend of a Homan neyo asthe end ef the eccad ments, (Pioan 


by the amnion, and it still contains at its base a loop of the 
intestine. 
From the end of the second month 


the term fotus in place of embryo. 


8, The Third Month. 
At the end of the third month the foetus measures about 
7 cm. in length, or9 to 10 em. if the legs be included, and weighs 


from 100 to 125 grammes, 
‘The head is still-very lange relatively to the rest of the bodies 
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The skin is more consistent than before: and presents on ite 
surface at certain places small patches of sebaceous matter. 
Hairs are more extensively developed than before, but aro still 
devoid of any distinet colour. The legs are now longer than 
the arms, and the nails are well formed. The ambilicus is 
farther forward than in the preceding month, and is now some 
distance in front of the pubes, 

"he lheasi is nell ‘recy large ih proportion eakianolaie pata 
‘The heart, liver, and kidneys are also disproportionately 
The small intestine contains meconium, which, owing to the 
secretion of bile, is now of a pale greenish-yellow colour; The 
gall-bladder is of some size, Ossificntion has commenced in the 
pubes, and in the os calcis, 

11, The Sixth Month. 

The total length of the foetus at the end of the sixth month, 

measured from the vertex to the heels, is from 30 to 82 em. 
The weight is very variable; its average amount is about a 
kilogromme. 
The skin is of a dirty reddish colour, and much wrinkled ; 
it is covered, at any rate in the axille and groins, with « seba- 
ceous deposit. ‘The hairs ars more strongly developed, and of a 
darker colour than before, Both eyelashes and eyebrows have 
commenced to appear, 

The umbilicus is still further forward than before, and the 
meconium in the intestine is darker and more viscous, The 
testes of the male have not yet descended into the scrotum, 
but are situated within the abdominal cavity, lying on the prone 
muscles, immediately behind the kidneys. 

‘The sternum is well developed, and] has commenced to ossify. 
‘The nails reach to the ends of the fingers, and extend about a 
quarter of the way roand them. 


12, The Seventh Month. 

‘The total length of the fertus at the end of the seventh 
month, measured from the vertex to the heels, is about 35 or 
36 em., and the weight averages about 1} kilogramme. 

The skin is still of a dirty reddish colour, but not 
dark as before. There is an inereased deposit of fot in 
cellalar tissue, causing the body to appear more plamp 
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round. The hairs are plentiful, and about 5 or 6 mm. in 
length. 

‘The several bones forming the roof of the skull become 
strongly convex, the central portion of each, from which ossifica- 
tion starts, forming a very evident prominence. The eyelids, 
wich have been closed since reaching their fall size in the fourth 
month, now open. 

The whole of the large intestine is filled with a dark olive- 
green viscous meconium. The liver is still very large relatively 
to the whole body,’and is of a deep brownish red colour. 

The testes have, as a rule, descended as far as the inguinal 
rings, and may even have entered the inguinal canals. 

‘The end of the seventh month is of interest, as being perhaps 
the earliest period at which the fetus can be born with any 
reasonable chance of surviving. 


18, The Kighth Month. 

During the eighth month the increase in bulk is more 
marked than that in length. At the end of the month the 
total length of the foctus, from the head to the coccyx, is about 
28 cm.; and from the head to the heels about 40 cm. The 
weight varies from 2 to 24 kilogrammes. 

‘The skin is of a brighter flesh colour than before, and is 
covered all over with the sebaceous deposit known as ‘ vernix 
caseosa.’ This substance, which usually makes its appearance 
about the middle of gestation, was formerly considered to be a 
deposit formed from the liquor amnii, but appears rather to 
consist of matter formed by the cutaneous glands of the fotus, 
mixed with dead epithelial cells. It varies much in quantity 
in different cases, and is always more abundant in certain situa- 
tions, notably the head, axilla, and groins. 

The chin is now far more prominent than before, the lower 
jaw equalling the upper in length. One of the testes, usually 
‘the left one, has passed through the inguinal canal into the 
scrotum, while the other is, as a rule, still in the canal. ‘There is 
no ossification in the lower epiphysis of the femur. 


14, The Ninth Month. 
At the fall time the foetus measures about 35 cm. from the 


head to the coccyx, and 50 em. from the head to the heels. 
The weight is, on the average, from 8 to 3 kilogrammes. 
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‘The skin is paler than before, The subcutaneous connective 
tissue is filled with fat, giving roundness and firmness to the 
body and limbs. The hair is thick, long, and fairly abundant 
on the head, while the down has begun to disappear from the 


The umbilicus is almost exactly in the middle of the body, 
or slightly behind this point. Both testes are, a8 a rele, in the 
scrotum, which has row a corrugated surface. 

Ossification has commenced in the centre of the cartilnge at 
the lower end of the fomur, This is the first epiphysial ossifica- 
tion toappesr in the body, and is often the only one present at fall 
time. Ossificution has somebimes commenced in the proximal 
cpiphyses of the tibia and humerus ; but while the presence of 
these centres is a sure sign of full time having been reached, 
their absence does not, without further evidence, indicate pro- 
mature delivery. 


DEVELOPMENT OF THE NERVOUS SYSTEM. 
‘The general history of development of the human nervous 


system is the same as in other Vertebrates. Certain points, 
especially in connection with the brain, will require detailed 
noties ; and, with regard to the histological development of the 
nervous elements, recent researches by Hix, and others, have 
shown that human embryos are well suited for the most minute 
investigations, 

1, The Brain. 


~ & General account. It will be convenient to give first a 
general account of the development: of the brain, and of its eon— 
dition at successive stages, and then a more detailed deserip- 
tion of parts, such as the cerebral hemispheres, which are of 
special interost. 

‘The second week, In the youngest human embryos, such as 
His’ embryos KE and SR (Figs. 176, 178, and 179), estimated as 
pete a itt clei Beak LL along 
its whole Jeagth, but by comparison with Inter embryos it ix 
Possible to determine, even at this stage, the several regions of 
the brain. ‘ 

‘Thus, in Fig. 179, the dorsal concavity, opposite the: 





frome of this is the Gire-beain, 
wards. 





‘The third week. By the fifte:nth day (Figs. 197, p. 489. 
and 232. p. 545) the neural canal is closed along its whole 
length, except at the extreme hinder end: the several divisions 
Mf thr brain—fore-brain, mid-brain. and hind-train—are well 
established; and cranial dexure is strongly marked, a sharp 
bend of about 9) degrees taking place opposite the mid-brain, 
by which the forebrain is brought down to the under surface of 
the head. 

The fore-brain is of considerable length ; its most anterior 
part is the vesiele of the hemispheres. a short. rounded, and com- 
paratively inconspicuous dilatation, which as yet shows no trace 
of division into right and left hemispheres. The thalamen- 
cephalon, or fore-brain proper (Fig. 232, ar), is long, and com- 
pressed laterally; from its sides arise the optic vesicles, Bo, 
which project outwards and slightly backwards, and are already 
constricted at their bases to form the optic stalks. The floor of 
the thalamencephalon is produced downwards behind the optic 
stalks into a shallow pit, the infundibulum. 

‘The mid-brain, est, is small and rounded ; it is separated by 
a constriction from the fore-brain in front, and by a much 
sharper one, the isthmus, from the hind-brain. 

‘The hind-brain is the widest as well as the longest part of 
the brain; it is widest in front, and gradually tapers posteriorly 
as it passes into the spinal cord. The roof of the hind-brain 
is very thin, except at its anterior end, where a slightly 
thickened transverse band, BL, marks the commencement of the 
cerebellum. 

During the third week the brain rapidly increases in size, 
and by the end of the week has attained the proportions shown 
in Fig. 215. The several divisions of the brain are more dis- 
tinctly marked off from one another, and the vesicle of the hemi- 
spheres, 1s, and the cerebellum, BL, are more conspicuous than 
before 

‘The cervical flexure, by which the entire head is bent ventral- 
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wards on the body, is commencing to appear at the junction of 
brain and spinal cord ; it is shown in Fig. 215, ut n lovel between 
the reference lines 1¢.3 and cu. 


The fourth week. By the end of the fourth week the shape 
of the brain ig as shownin Fig. 216. 'The flexure at the level 
of the mid-brain, or mesencephalic flexure as it may be termed, 
has increased greatly in extent, and now amounts to about 180°, 


Fig, 215.—The head and fore part of the body of a Human Embryo lettered 
by Frofessor His, Lr, and estimated as twenty or twenty-one duys old. 
(CF. Wig. 198.) ‘The brain ia exposed from the left side; vr abe Feat ot the 
em ete — elgetren (Brom His.) x28, 


ot ‘in 
MN, on 


the infundibulum and the hind-brain almost touching each other, 
‘Tho cervical flexure, marking the junction ofthe brain and spinal 
cord, at the level of the reference line 4.5, is alao much more 
ed than before, and forms an angle of about 90°. A 
third, or meteneephalic flexure, with the concavity directed 
dorsalwards, is commencing to form opposite the cerebellum, 
» level of the reference line rr; at a slightly later stage 
iexure becomes very strongly marked. 
As regards the individual parts of the brain, the vesicle of 
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the optic stalks are mors markedly constricted than before; ond 
the optic vesicles, now doubled up to form the optic caps, are 
smaller relatively to the other parts of the brain than at the 
earlior stages, 

‘The mid-brain, mu, still remains small; it is connected with 
the hind-brain by a rather long and narrow neck. 

The hind-brain is very wide anteriorly; the cerebellum is 
much more conspicuous than before, and consists of two lateral 
ridges, separated by a median notch. ‘The sides of the medalla 
oblongata are thick, and the roof extremely thin. 


The AfMh week. During tho fith week (ef: Fig. 205) the 
cerebral hemispheres increase rapidly, growing backwards along 


‘Tha brain of @ Human Embryo lettered by Professor Hie, Zer, and 
vstimated as about the middie of the eighth week. (From His,) «5. 


tit BB ac BE ose te "fa Sant Sot, "OS, oe 
the eides of the thalamencophalon; from the ventral surfaces 
of their anterior ends the olfactory lobes arise aa hollow ont- 
growths. The infundibulum remains of great depth ; and the 
mid-brain is relatively smaller than before. In the hind-brain 
the cerebellam has increased in sizes; and both the meten- 
cephalic and the cervical Hoxures have increased in sharpness. 


The sixth to the eighth weeks, ‘The most marked change 
during the latter part of the second pretences SI 
increase in the sharpness of the metencephalic flexure, which 
amounts to nearly 180° (Fig, 217), the cerebellum and the roof 





Fig. 219. 3 Fra, 221. 


Fios 219.221. —Three views of the brain of a Human Futtas three months ole, 
(From Kéiliker) Natural size. 

Fro. 219.—From the right sido. 

Fig, 220.—From the dorsal surface ; the dorsal parts of the corobral hemi- 
ephoret and of the mid-brain have bean removed to expose the internal 
cavitles 

Fig, 221.—From the ventral surface. 
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FrG. 222.—The brain and mel cont of a Human Fustus four montheeld, from 
the dorsal sarface, (From Kolliker,) Natural sizo, 
‘qorrer@umi, A,corebral Lemisphere, mw, medulla obfongata », mib-tesla, 
¥16, 228.—The vin of a Human Fetus six months old, from the right side, 
(From Kolliker.) Nateral sie. 
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to the Sylvian fissures; but it is more correct 
corpora striata and Sylvian fissures as both 
alike due to relatively rapid growth of the parts of the hemi- 
sphores in connection with which they arise ; the folds taking the 


the size of the foramina of Monro, which they bound ventrally, 

‘The main lobes of the cerebral hemisphercs—frontal, paristal, 
occipital, and temporo-sphenoidal—are established during the 
fifth and sixth months; they are formed by subdivision of the 
original hemispheres, and not as separate outgrowths from these. 
The olfactory lobes, on the other hand, arise as hollow ont- 
growths from the under surfaces of the hemispheres, which first 
appear about the end of the fourth week or beginning of the 
fiith. Each olfactory lobe carly becomes divided by  constric~ 
tion into two portions, of which the anterior forms the bulbus 
and tractus olfactoring, and the trigonum olfactorium of the 
adult ; while the posterior portion gives rise to the anterior 
perforated space, and adjacent parts of the brain. 


‘The commissures of the cerebral hemispheres require epecial 
notice. 

Towards the end of the second month, as the cerebral 
hemispheres extend backwards over the thalamencephalon, 
closely embracing this latter, extensive fasion occurs between 
the superficial white matter of the corpora striata, and of the 
optic thalami which these overlap. 

‘This tendency to fusion of originally distinct parts of the 
bmnin occurs in other regions as well, Daring the third month, 
the inner or mesial surfaces of the ‘ight ond left hemispheres 
come in contact, and fuse, in front of the lamina terminalis, 
or anterior wall of the thalamencephalon; and from this 
fased portion the great commiseures of the hemispheres are 
developed. The fusion takes place round the margins of a 
Sages eat 224, sP), immediately in front of the 

Tamina terminalis, Ms triangular aren iteelf remains free, aa & 
narrow vertical chink between the two hemispheres, which 
becomes the fifth ventricle of the adult. Of the margins of the 
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disappear wholly or in chief part: and (ii) the secondary sulei, 
which are mere grooves on the surface of the hemisphere, and 
consequently do not give rise to corresponding internal projec~ 
tions ; theas appear late, but persist throughont life, 

(i) The primary sulei appear towards the end of the second 
month, and occur on both the mesial and the outer walls 
of the hemispheres; they attain their maximum development 
between the third and fonrth months, and by the end of the 
fourth month have disappeared almost completely. It has been 
suggested that their formation is due to the brain increasing in 
size more rapidly than the skull, and consequently becoming 
thrown into folds; while at a later stage, when the skull 
enlarges, most of the folds become flattened out and obliterated. 

On the mesial wall of each hemisphere a long curved suleus, 
the fissura arouata, appears towards the close of the second 
month. It rans parallel to the upper hordor of the hemisphere, 
and a little distance from this; and extends from tho anterior 
end of the frontal lobe round to the temporo-ephenoidal lobe 
(ef. Fig. 224). From the fissura areuata a series of furrows, 
usually six to eight in number, mdinte ontwards towards the 
margin of the hemisphere. 

On the outer wall of the hemisphere the primary sulci are 
leas regularly arranged. In a general way, they start from the 
margin of the hemiephere and converge towards the Sylvian 
fissure, but do not meet this. 

Tho obliteration of the primary sulci is mainly n process of 
unfolding, progressing from the ends of the sulcus towards its 
middle ; the snlens becoming shorter and shorter, and ultimately 
disappearing. 

It is not quite certain whether any of the primary sulei 
normally persist 18 permanent sulci; but it appears that three 
or four of the most strongly marked ones do persist as a rale, or 
elie are replaced by permanent snlei which are formed along the 
same lines, ‘The hippocampal, aud portions of the calcarine and 
porieto-occipital eulci belong to this category. The Sylvian 
fissure ig also & permanent one, but it differs in eome respects 
from the primary sulci, and can only doubtfully be referred to 
the same group as theso. 

(ii) The secondary sulci, During the fifth month, and the 
varly part of the sixth month, the surface of each hemisphere is 
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remains for some time ondivided. Early in the fifth month a 
median longitudinal groove is formed along its wnterior part, and 
Searels steered 9 pattie ee eee PR 
the roof into a larger onterior, and a smaller posterior division. 
The median groove, which divides the posterior part into right 
and left lobes, is not completed until the seventh month. 

In connection with the floor of the mid-brain the eruna 
cerebri are formed, as a pair of thick bandles of longitudinal 
nerve fibres. 


¢. The Cerebellum, 

‘The general history of the cerobellum has already been given. 
‘The surface remains smooth until the end of the third month. 
During the fourth month the convolutions and snlei appear, and 
rapidly increase in number and in importance. From the fourth 
month onwards the lateral lobes grow rapidly, and at the same 
time tho transverse Sve ee ee eo ar developed. 


£ The Modulla Oblongata. 

‘The roof of the medulla oblongata is wide and thin, almost 
from the first, ‘The floor, along the nctual median line, ix also 
thin; the sides are greatly thickened, and are divided by well~ 
marked grooves along their inner surfaces (ef. Fig, 228) into 
ventro-lateral and dorso-lateral areas, 

It has been recently pointed out that a similar division may 
be recognised in the side walls of the more anteriorly situated 
portions of the brain, the ventro-lateral areas forming the ventral 
half of the brain as far forwards as the optic chiasma ; while the 
cerebellum, the optic lobes, and tho whole of the cerebral 
hemizpheres belong to the dorso-lateral areas, It is uncertain 
as yet whether this distinction is of any real morphological 
importance. 

2. The Spinal Cord and Spinal Nerves, 

‘The histological development of the spinal cord and nerves 
in buman embryos has been studied in considerable detail, mor 
especially by Professor His; and it is on hia Gemcriptions So 
the following account ix mainly based. 

The spinal cord, in the early stages of its d 
merely a specialised trict of epithelium. Some of | 





level, and so canze the epithelium to appear as thongh two or 
more cells thick. 

‘These columnar epithelial cells are spoken of as spongio~ 
blasts, and give rise to the skeletal framework of the 
cond. At the beginning of the fourth week (Pig. 225) each 
spongioblost is greatly elongated, and consists of a central body, 
which incloses an oval nucleus, %1, and from which two main 
processes arise, inner and onter, Tho inner process, which is 
directed towards the central canal of the spinal cord, is broad, and 
usually unbranched ; it reaches the inner surface of the cord. 
where it expands to form a wide foot, which unites with those of 
adjacent spongioblasts to form a continuous lining to the central 
canal, the membrana limitans interna. ‘These inner processes 
vary in length in diffrent spongioblasts, according to the posi- 
tion of the nuclei; they are all striated longitudinally. 

‘The outer processes of the spongiobluats. though retain- 
ing a generally radial direction, branch freely : towards their 
outer ends they form flattened expansions, which unite with one 
another, and with the processes of adjacent spongioblasts, to 
form a reticulam, the myelospongium, vk, ‘I'he outer ends of the 
branches reach the membrana limitans externa, on the outer 
eurface of the spinal cord, 

‘The cells forming the mid-dorsal and mid-vontral walls of 
the xpinal cord remain much shorter than those of the sides, bat 
undergo similar changes, 

The germinal cells. Between the inner ends of the spongio- 
blasts, close to or in contact with the internal limiting mem- 
brane, Inrge spherical cells (Fig. 225, Nx) are formed ; these have 
large nuclei, and usually show mitotic figures, indicating active 
coll-division. ‘Thess germinal cells, ux they are called, appoar 
about the beginning of the fourth week; they are at first few, 
nt rapidly increase in nnmber, and by the end of the week 
form an almost continuous x along the inner surface of the 
spinal cord. The mode of origin of these germinal cells has not 
‘been very clearly determined ; but it appears certain that they 
care derived from the spongioblasts, and probably by direct 

dification of these, Tt is also uncertain whether the formation 
of germinal cells is limited to the inner surface of the spinal cord, 
or whother it may occur at all parts of its thickness. 

The nouroblasts (Fig. 225, xz) ore pear-shaped cells, which 
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‘The ventral or anterior commissure of the spinal cord. ‘The 
neuroblasts of the dorso-lateral areas of the cord also give off 
nerve processes ; but those, in place of passing out beyond the 
cord, ran in its walls. Some of the nerve fibres take a longi- 
tudinal course, and give rise to the white columns of the eord ; 
while others (Fig. 226) run downwards to its ventral snrthoe, 
interlacing with the fibres of tho motor roots, and, on reaching 
the mid-ventral surface, pass across to the opposite side of the 
cord, and eo give rise to the veatral or anterior commissure. 


Hho, 226-4 diagram rrereo section acronis Be alae sa se 
ecuan Baloryo ofthe fourh weeks (After His .) x 150. 


asap eas Ts wlan Total ad aye AW, ee ool 
matter. NG, 

The dorsal or sensory nerve roots. Tho early origin of tho 
spinal ganglia in the human embryo has not been made ont 
very satisfactorily; so far as is known, it agrees in all essential 
respects with that already described as occurring in chick 


embryos. 

In Kolkmann's embryo, estimated asx fourteen days old 
(Fig. 185), the ganglion rudiments aro doscribed by Lauhosséle 
ae arising before closure of the neural canal is effected, r 
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venient to arrange them in two groups, in accordance with the 
distinction laid down above, and to deseribe the nerves of each 
group in order, from behind forwnrds. 

Group A. Nerves arising from groups of neuroblasts in the 
substance of the brain, in the same way as the motor or ventral 
roote of the spinal nerves, 

‘To this group belong the third, fourth, and sixth nerves’; 
the motor root of the trigeminal nerve; the facial nerve; the 
motar roots of the glossopharyngeal sal pasocgeeiie nerves ; 
and the spinal accessory and hy 

Along the spinal cord, the elas Fait 'al leave the cond at 
the same horizontal Jovel, the sole exception being at the anterior 
end of the cervical region, where the hinder roots of the spinal 
accessory nerve arise ab a level dorsal to that of the motor 
spinal roots, In the brain there ars two series of motor 
roots, a ventral series and a Interal series; the ventral series 
including the hypoglossal, the sixth, and perhaps the fourth and 
third nerves as well; and the lateral series including the 
anterior roots of the spinal accessory, and the roots of the 
pheumogastric, glossopharyngeal, facial, and trigeminal nerves, 

‘The hypoglossal, or twelfth cranial nerve (Fig. 227, xit), 
arises by a long series of roots, ench formed, by a bundle of axis 
cylinders which arise as outgrowths from « group of neuroblasts 
in the ventro-lateral wall of the medulla oblongata (Fig. 228, x11). 
‘Thi roots commence just in front of the motor root of the first 
Spinal nerve, and in line with this, and extend forwards to tho 
lovel of the glossopharyngeal nerve and the posterior border of 
the anditory vesicle. 

‘The mods of origin, and the position and relations of these 
roots, strongly suggest a comparison with the ventral or motor 
spinal roots. 


In shoop embryos Froriep describes a dorsal ganglionic root 
of the hypoglossal nerve, in addition to the ventral roots, go the 
comparison with a spinal nerve or nerves seems quite legitimate. 
Tn human embryos at the end of the fourth week, and begi 
‘of the fifth week, His has described a small ganglion, which he 
names Froriep's ganglion (Fig. S02; re tag date iat 
front of the first cervical ganglion, x1, and in line with 
Eran Heer eelL sais 08a ces 
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root lies in close relation with Froriep’s ganglion, Fa, and a very 
little distance in front of the first cervical nerve; while 


as a cranial rather than as a spinal nerve. 
‘The motor roots of the pneumogastric, or tenth cranial nerve 
(Pigs. 227 nnd 228, xm). ‘These lie immediately in front of the 
anterior roots of the spinal accessory nerve, and in line with 
thom. ‘They arise from groups of neuroblasts in the walls of the 
medulla oblongata (Fig. 228), in » manner precisely similar to 
that in which the ventral spinal roots are formed. The nerve 
fibres converge to form sinall bundles which leave the medulla 
immediately ventral to the much larger and more 
sensory root (Fig. 228, x.3), by which they are covered and 
moro or less completely concealed, 
‘The motor roots of tho glossopharyngeal, or ninth cranial nerve, 
ane exuctly similar to those of the pnenmogastric; they He in- 
in front of these, and in line with them, and in trans 


‘The facial, or seventh cranial nerve (Fig. 227, vit), arises 
from a group of neuroblasts in the side wall of the medulla 

longata, opposite the auditory vesicle. ‘The bundle of axis 
cylinders, formed as outgrowths of the neuroblasts, does not at 
once pass out from the medulla, but runs forwards a short 
distance in its substance, and emerges immediately below the 
auditory nerve and in very clove relation with this. ‘I'he root of 
the facial nerve lies in line with the motor roots of the glorso- 
pharyngeal and pnenmogastric nerves, iv. it, belongs to the 
lateral series of motor roots. 

The chorda tympani is present early in the fifth week as an 
anterior branch of the facial nerve, which runs in the tympanic 
membrane, but docs not yet reach the trigeminal nerve. 

‘The sixth cranial nerve belongs to the ventral series of motor 
roots. Tt arises from several groups of neuroblasts which He in 
the ventro-lnteral area of the medalla oblongata, in line with 
the hypoglossal roots, nnd vertically below the root of the 
auditory nerve, i.e. & short distance anterior to the root of the 
facial nerve, ‘The eixth nerve, after emerging from the b 
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‘To this group belong the sensory roots of the pneumogastrie 


In the head there are four primary ganglion masses, those 
of the filth, eighth, ninth, and tenth cranial nerves. Whether 
these are connected in the early stages, to form a continuous 
neural ridge along each side, has not yet been ascertained ; 
neither has the precio mode in which the permanent connection 
of these ganglia with the brain is acquired been determined, 

‘The four ganglionic masses are clearly visible at the end of 
the third week. During the fourth week they become gradually 
divided np, each giving rise to two or more ganglia, which, by 
farther clongation of the connecting nerve strands, move apart 
to a greater or lees distance from one another, 

‘The sensory root of the pneumogastric, or tenth cranial nerve, 
is from the first in close relation with the motor root, being at- 
tached to the brain immediately dorsal to this latter (Pigs. 227 
and 228, xs), The ganglion is at first single, but by the end of 
the fourth week it becomes divided into a proximal and smaller 
part, the ganglion of the root ; and a distal, larger, and fusiform 
part, the ganglion of the trank (Fig. 227). In the later stages 
these two ganglin move some distance apart, owing to lengthening 
of the nerve trunk between them. ‘Ths ganglion of the root is 
connected with the distal, or petrous, ganglion of the glosso- 
pharyngeal nerve by an oblique commissural band, well seen in 
Fig. 227: whether this is a porsiatent remnant of an originally 
continuous neural ridge has not been determined. 

By the end of the fourth week, the superior and inferior 
laryngeal nerves are present, and also a large branch extending 
down the axophagus towards the stomach. 

‘The sensory root of the glossopharyngeal, or ninth cranial 
nerve, is very similar to that of the pneumogastric, but of smaller 
size. ‘The ganglion early divides into a proximal ‘jugular” 
portion, and a distal * pettous’ portion (Fig, 227). ‘The nerve 
itself ix straight in the early stages, but becomes curved forwards 
at its ventral end (Pig. 227) as the first: branchial it 
which it is specially associated, is carried forwards 
inner side of the hyoid arch (¢/. Fig. 240), 

‘The auditory nerve. ‘In the case of the auditory g: 
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‘The olfactory nerve. According to the observations of 
Profersor His, the mode of development of the olfactory nerve in 
the human embryo is as follows, Tho olfactory lobe is formed 
#8 an outgrowth of the cerebral hemisphere towards the end of 
the fourth week, and very carly becomes divided bya transverse 
constriction into anterior or distal, and posterior or proximal 


portions, 

At this stage, in embryos of from twenty-seven to twenty- 
ight days, although the olfactory pit is well dovcloped (Fige. 
204 and 227), there is, according to His, no trace of either the 
olfactory ganglion or olfactory nerve. A day or two later, the 
olfactory epithelium beyins to undergo changes sinnilar to those 
which occur in the wall of the brain, or spinal cord, preparatory 
to the appearance of nerves, Neuroblasts are formed near its 
inner or deeper surface : these soon become pyriform, and give off 
processes which grow into the meaoblast, and towards the brain. 
There is thus, early in the fifth week, a» mass of neuroblasts 
forming a ganglion in direct connection with the olfactory epi= 
thelium; from the ganglion, nerve fibres grow ont towards the 
brain, but do not yet reach this. By the end of tho fifth week 
the nerve fibres reach the olfactory lobe, meeting it at the 
thas placing the olfactory epitheliam in connection with the 
brain. 


During the second month the distal portion, or bulb of the 

olfactory lobe, which ot first lies entirely in front of the nerve, 
becomes bent down ¢ a8 to lis in contact with this; and by 
the end of the second month the olfactory nerve arives by a 
number of fibres from the olfuctory bulb, instead of by a 
single stem from the olfactory lobe behind the bulb, as in the 
earlior stages. 
‘The roots of the adult olfactory nerve are formed by bundles 
of sscemding or centripetal nerve fibres, which grow from the 
ganglion into the bmin; they are already present at, or shortly 
after, the end of the second month. 

AL first sight this mecount 








2. The Eye. 

‘The mode of development of the human eye is so closely 
similar to that of the rabbit that it will be needless to describe 
it in detail. 

The optic vesicles appear as lateral outgrowths of the fore- 
brain as corly as the fifteenth day (Fig. 232, no). ‘They soon 
become constricted at their bases, and then doubled up to form 
the optic cups, in the same manner as in other Vertebrates. 
Owing to the mode in which this doubling up is effected, a 
choroidal fissure is left, lending into the cavity of the cup; and, 
as in the rabbit, the choroidal fissure extends a little way along 
the optic stalk, towards the brain. Throughout oll tho earlior 
‘stages of development (Fig, 204), the eye is very small, as in 
Mammals generally, standing in this reepect in marked contrast 
to the eye of the chick embryo at n corresponding stage of 
development (ef. Fig. 115). 

The inner wall of the optic cup (qi Pig. 155) is from the 
first the thicker of the two; and by the end of the fourth week 
is at least four times as thick a8 the outer wall, 

‘The lens develops Inte. In embryos three weeks old it is 
still an open pit: at four weeks the mouth of the pit has closed 
(Big. 204), and from this time the cavity of the lens vesicle 
becomes rupidly filled up by elongation of the cells forming its 
inner or deeper wall. During the whole period of its develop- 
ment, the lens is enveloped in a vascular capsule which serves: 
for its nourishment, New cells are constantly added on round 
the equator of the lens, and growth continues until the time of 
birth, when the vascular capsule atrophies and disappeurs. 

‘The vitreous body is formed of mesoblast, which makes its 
way into the cavity of the optic cup through the choroidal 
fissure; it is very vascular during the carlier stages of its 
formation. 

‘The cornea ie formed from a layer of mesoblast which grows 
across the front of the eye, between the outer conjunctival 
‘epithelium and the lens, towards the end of the second month. 
Tn the deeper part of this layer a cavity appears, which becon 
the anterior chamber of the eyo, ‘The thick layer o 
in front of this chamber becomes the cornea, 
thinner layer botwoen the chamber and the len 
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unite with each other, thus closing the eye, about the third or 
fourth month, and separate again shortly befure birth, 

‘The Iscrymal duet is formed along the line of the lacrymal 
groove, as a linear depression running from the eye to the mos, 
along the line of mesting of the external nasal process and the 
maxillary arch (Fig: 207). ‘The duct itself arises ag a solid rod 
of epithelial cells split off from the floor of thi grocwa: it 
besa sna ee 
mal glands arise ax solid branched outgrowths, with 
hollow, bulb-like end, At a later stage the solid cords become 
hollow slong their axes, and converted into the Juerymal 
ducts. At the inner canthus of each eye the doct bifurcates, 
while still a solid rod, to form the rudiments of the upper and 
lower lacrymal canals. 

The third eyelid, or plica setnilunaris, which is rudimentary 
in man, arises as a small fold of the conjunctiva at the inner 
canthus of the cye, within the upper and lower eyelids. 


3. The Ear. 
‘The ears appear as a pair of open pits at the sides of the 


hind-brain on the fifteenth day (Fig. 197, #1). Almost 
afterwards the mouths of the pits close, and the vesicles, thus 
formed, separute from the skin. ‘The original month of each pit 
Tengthens out into an elongated neck, the recessus labyrinthi 
(Fig. 229, er), while the vesicle itself forms a flattened sac, XY, 
somewhat oval in outline, and lying embedded in the connective 
tissuc at the sido of the hind-brain. 

At the commencement of the fifth week: the auditory vesicle 
becomes more irregular in shape. Its ventral and anterior end 
(Fig. 227, et) grows forwards as a short blunt process, which 
forms the rudiment: of the cothlea ; while, near its dorsal end, 
three flattened projections appear on its outer surface, which 
are the first stages in the formation of the three semicircular 
canals, 


By the end of the fifth week (ig: 385), head iany sees 
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divides into two main portions, the vestibular and cochlear 
ganglin, and from these, by further division, the several nerve 
endings of the adult ear are derived. 

‘The epithelial cells of the auditory vesicle, which, it will be 
remembered, are derived directly from the surface:epidermis of 
the head, become variously modified in different parte of the 
vesicle. Over the greater part of its surface they remain flat 
pavement cells, while opposite the nerve endings they become 
altered into the hair-cells, rods af Corti, sense cells of the am- 
pullie, and other specialised stractures. 

‘The mesoblast of the side of the head, in which the auditory 


‘Fig. 231.—The left auditory vesicle, or a Human Embryo of 
the ojghth east pene) tha Loeb oder Tom W. ‘His, jun. ee 
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~ vesicle ix embedded, undergoes important changes. The layer 
in immediate contact with the epithelial vesicle becomes closely 
connected with this, and forms the connective tissue wall of the 
labyrinth ; IN. eel rhe ngse HE 
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Tt consists of three parts, fore-gut, mid-gat, and bind-gut, which 
are approximately equal in length. 

‘The fore-gut is widened transversely at its anterior end to 
form the pharynx, 7? which is eeparated in front by a thin, 
obliquely placed septum, pv, from the bottom of the stomatodseal, 
or mouth invagination, ps. Behind the pharynx, the fore-gut 
narrows to form a short tubular portion, the esophagus, which 
lies immediately above the heart. Behind the esophagus is 2 
fusiform dilatation, the stomach, Ts, beyond which the foregut 
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passes into the mid-gut, ar, which latter opens through the wide 
yolkestalk into the yolk-snc. The hind-gut, an, is at first narrow 
aud tubular; but at its hinder end it dilates to form the large 
cloacal chamber, Tr, from the ventral surface of which the 
allantois, TA, arises 2 a narrow tubular diverticnlum, ‘There is 
a yet no tce of a provid, or anal invagination. 

boat a day older than the ono represented 
in Te 282, Le of about the sixteenth day, the stomatedweal 
septum is in perforated ond the mouth opening established 

NN 
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Tag; and a much larger vitelline loop is formed lower dows 
the apex of which the yolk-stalk, Dy, arises. As the 
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During the fifth week the cloaca, which up to this time has 
been a single dilated chamber (Fig. 283), becomes divided, by 
the growth backwards of a septum from the angle between the 
allantoic stalk and tho intestine, into two separnte tubes; of 
these, the dorsal one (Fig. 254, C0) is continnons with the 
intestine and forms the rectum; while the veutral one, Hb, 
receives the allantoic stalk, and the Wolffian ducts and ureters, 
and forms the urino-genital 

‘Tho septum which thus divides the cloaca into rectal and 
urino-gonital chambers is formed by the union in the median 
plane of two lateral folds or ridges, which arise from its sides ; 
it reaches the surface of the body just below the root of the tail, 
about the end of the fifth week (Fig. 234). ‘The proctodienl 
opening is formed about the same time, but it is not cortain 
whethor this takes place before or after the completion of the 
septum : in the former case there would be for short time a 
single cloacal aperture; in the latter case the rectal and orino~ 
genital apertares would be distinct from the first. 


The later stages in the development of the part of the 
alimentary canal from the asophagus to the rectum 
fow features of special interest. The epitheliam lining the 
esophagus is cilinted during the fifth and sixth months, and 
perhaps for a longer period. 

‘The mucous membrane of the stomach is amooth up to the 
end of the second month; daring the thin] month it becomes 
muuch folded, especially at the pyloric end, and in the course of 
the fourth month the glands commence to develop, In the 
intostine the villi appear towards the end of the second month, 
and the glands of Lieborktthn about the beginning of the fourth 
month, The large intestine is at first closely similar to the 
small intestine, and contains namerous villi, which about the 
fourth or fifth month become united by folds of the macous mem- 
brane to form a honeycomb pattern. Peyer's patches appear 
nbout the sixth month, 

2. The Pharynx. 

‘The pharynx requires special notice on account of the im- 
portance of the stractures developed in connection with it, 

From the first the pharynx is distinguished from the ne 
the length of the alimentary canal by its great width. 
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the fourth week, the hinder visceral arches, and the pouches 
separating them from one another, become much more clearly 


are well marked. ‘There is some doubt as to whether any of the 
gill-clefis are actually open in the human embryo; such evidence 
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as hos been obtamed points to the conclasion that none of the 
clefte are really completed either at thix or any other stage in 
development; the viseeral pouches and the corresponding vis 
ceml grooves being always separated by thin partitions, as at 
REIN 

pat branchin! arch, BR, is bounded posteriorly by 
the conspicuous and deep third branchial pouch ; immediately 
behind this is a ridge, mn, projecting into the cavity of the 
pharynx, and bounding laterally the entrance to the axophagus. 
Although there fs no external ridge on the surface of the embryo 
corresponding to this internal ridge, yet its relations to other 
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By this telescoping of the viseernl arches a deep cleft ix 
formed at each side of the neck, extending round to its ventral 
surface, and dividing the pharyngeal region from the trunk. 
‘This cleft, which presents certain resemblance to the opervular 
cavity of a tadpole, is the sinus prwcerricalis (Fig. 240, sv); it 
ultimately becomes obliterated by fusion of its anterior and pos 
terior walls. 


3. The Upper Lip and the Palate, 


‘The fronto-nasal process consists, aa already described, of a 
median area (Fig. 240, Fr), and two lateral lobes, the proceesus 


Fig. 240,—The head and neck of a, 
fro the ventenl surface. ‘The 
removed. Cf. Fig. 205, which is an outline 
(From His.) » 13, 
sree seo areh. rt nee te eeree 


gh 


ee Fc. The processus Saeed form the innor lips 
of the nasal grooves, which connect the olfactory pits with the 
mouth, and of which the outer lips are formed by the inner 
edges of the maxillary arches, sx. By fusion of their inner and 
outer lips, the nasal grooves become converted into the posterior 
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the inner surfaces of the maxillary arches, ‘The palatal pro- 
ceases grow rapidly, and by tle beginning of the third month 
the anterior ends of the maxillary processes, ux’, have met and 
fused with each other in the median plane, immediately behind 
the premaxillary processes, or outgrowths from the 
globalares, ro’. A small aperture is left in the median plane 
between the four palatal processes, and persists aa the foramen 
incisirum. 'The completion of the palate is effected by the 
extension backwards of the fusion of the inner edges of the 
maxillary processes, towards their hinder ends. Occusionally the 
union fails to take place: properly, and the malformation known as 
cleft palate results. 

By the formation of the palate, the anterior part of the mouth 
cavity becomes divided into dorsal or nasal, and ventral or buccal 
portions, and the communication between the posterior nostrils 
and the buccal cavity is shifted backwards to the level of the 
hinder edge of the palate. 

‘The septum narium is formed in the first instances by 

upgrowths from the inner edges of the palatal processes, which 
fuse together in the median plane, and grow dorsalwards as a 
partition, dividing the nasal chamber into right and left halves. 


4, The Tongue, 

‘The tongue arises from the floor of the fore-yat, so that its 
epithelial covering is entirely of hypoblasticorigin. It is formed 
from two rudiments, which are at first completely separate from 
each other; an anterior median swelling, the tuberculum impar, 
from which the body and tip of the tongue are developed; and 

sterior V-sbaped ridge, which gives rise to the root of the 


mere. 

‘On the fifteenth day (Fig. 237) the yentral ends of the 
niandibular orthgs, MN, olmost mect each other in the median 
plane; the ventral ends of the byoid arches, HY, are some 
little distance from each other; and the ventral ends of the 
first and second branchial arches, ue.1, 2, are still farther 
‘apart, ‘There is thus left in the floor of the pharynx, between 

the ventral ends of the visceral arches, a triangular, meso- 
branchial ares, the apex of which is directed forwards. From 
the dorsal surface of this area the tongue is developed; while 
the heart (Pig. 252) lies immediately beneath it. 
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marked in the adult: it is always indicated, in the median plane, 
by the foramen cweum (Fig. 242, rk), The line of circum 
vallate papillw, which appears during the third month, lies 
immediately in front of this groove, and therefore in the part 
of the tongue formed from the tuberculum impar: immediately 
in front of the foramen cecum, and sometimes surrounding it, is 
a single, very deeply depressed circomvallate papilla. 

‘The double origin of the tongue ia indicated by ite nerve 
supply; the body and tip of the tongue, developed from the 
tubereulum impar, are supplied by the gustatory branch of the 
trigeminal nerve; while the root and sides of the tongue, 
developed from the transverse ridge, are supplied by the glosso- 
pharyngeal. It must be noted, however, that in order to reach 
the circumvallate papillw the branches of the glosso-pharyngeal 
nerve have to overstep the boundary between the two parts of 
the tongue, and invade the part formed from the tuborealam 
impar, 


4. The Thyroid Body. 
‘The thyroid body is formed from three independently arising 


rudiments, which remain distinct until a rather Inte stage in dove- 
lopment : (i) a middle thyroid rndiment (Fig. 239, rit), which isa 
deep pit commencing at the foramen cwcum, at the janction of 
the body and root of the tongue, and extending downwards and 
backwards in the floor of the mouth; and (ii) « pair of lateral 
thyroid rudiments, which are outgrowths of epithelia from the 
floor of the mouth at the sides of the larynx, in cloee relation 
with the third branchial pouches. 

‘The middle thyroid rudiment, which appears abont the middle 
of the fourth week, consists at first of a short tubular duct, 
which divides at its blind end into rightand left lobes (Fig. 239, 
ta). Daring the fifth week the median duct, or 
duct, clongutes rapidly, growing downwards and backwards until 
its bifurcated distal end lies opposite the larynx, or upper end 
of the trachea. During this rapid growth the duet usually loees 
its Iumen, and becomes a solid rod of epithelial cells extending, 
in the median plane, from the foramen cxcum to the trachen, 

Towards the end of the fifth week, this epithelial cond 
usnally becomes broken up in the middle part of its course into 
@ number of detached fragments; and a little later it becomes 
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onintains that the thymus of man, like that of other Vertebrates, 

is developed from the hypoblastic lining of the pharynx; His’ 
observations, on the other hand, support an epiblastic origin ; 
the thymus, secording to him, being formed from the epiblastic 
walls of the sinus precervicalis, the deep fissure at the aide of 
the neck caused by the overlapping of the hinder visceral arches 
by the more anterior onex (ef. Fig, 240, sv). 

‘The thymus gradually shifts backwards towards the root of 
the neck, extending slong the pneumogastric nerve and carotid 
artery almozt as far as the heart. Itattains a great size in later 
foxtal life, and continues to increase after birth up to about the 
end of the second year, when it measures two inches or more i 
length. 


7, The Salivary Glands. 

‘The salivary glands commence to form enrly in the second 
month, and by the end of the month have attained a considerable 
size. The ducts arise as grooves of the buccal epithelium, 
which by fusion of their lips become tubes; the glands them- 
selves are, at first, eolid outgrowths of epithelial cells, which 


Inter become hollowed out by extension of the cavities of the 
duets into their substance. The submaxillary glands appear 
first, then the parotid, and lastly the sublingual glands. 


8, The Teeth. 

‘The teeth are developed in man in very much the same way 
asin the rabbit. In embryos about seven weeks old the epi- 
thelium becomes thickened along the border of each jaw, and the 
deeper or Malpighian layer of the epithelium grows down into the 
substance of the jaw as 6 continuous keel-like ridge, the common 
enamel germ. ‘This soon becomes enlarged at intervals to form 
the enamel organs of tho milk or dociduons tooth, while between 
the enamel organs the ridge becomes less conspicuous, and 
ultimately disappears. 

Each enamel organ is Hask-shaped, consisting of a terminal 
enlarged portion, buried dooply in the jaw, and o narrow neck 
or stalk which connects tho enlarged part with the surface 
epithelium of the jaw. Opposite each enamel organ the con- 
nective tiasie of the jaw becomes more compactly arranged to 
form the dental papilla (cf. Pig. 156, 7m). "The dental papilla 
soon becomes moulded into the shape of the future tooth, and 








On th Hint gary ef th bony jor, he tl in 
continuous grooves extending all round their free borders, 
Partitions are soon formed, dividing these grooves into separate 
‘compartments or alveoll, which grow round the teeth so as to 
closely embrace them, 

‘The order of appearance of the milk teeth takes place in 
rogular sequence; but the actual dates at which the several 
teeth emerge, or are ‘cut, vary within certain limits. The 
cutting of the milk teeth uzually commences about seven months 
after birth, and is completed by the end of the second year. 
‘The central lower incisors appear first, about the seventh month ; 
the upper incisors two or three months later ; a few months later 
still the lower lateral incisors, and the first premolara; four or 
five months later the canines; and about the end of the second 
year, the second premolars. 

‘Tho permanent tecth are developed in the same manner as 
the milk teath. Prom the stale or neck of the eunmel organ of 
each milk tooth, a small outgrowth arises at a very early stage, 
about the sixteenth week, which becomes the enamel organ of 
the corresponding permanent tooth. A dantal papilla is formed 
opposite each enumel organ, and the permanent teeth are formed 
in the jaw, a little way behind and below the corresponding mille 
teeth, and in precisely similar fashion. 

The three hinder grinding, or molar teeth, which have no 
milk predecessors, are formed by extension backwards of the 
original common enamel germ, from which the milk teeth are 
developed. The enamel organ for the first permanent molar 
‘appears abont the fifteenth weele of embryonic life; that for 
the second permanent molar about seven months after birth ; 
and that for the third permancnt molar, or ‘wisdom tooth,’ not 
until the third year. 

‘The eruption, or cutting, of the permanent teeth of the lower 
jaw takes place at the following dates, the teeth of the upper 
jaw usually appearing a little later :— 
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cartilages of the second branchial arches, though Kolliker believes 
it to arise independently. 

‘The lungs, as they grow backwards, project into the dorsal 
part of the body cavity, pushing before them the peritoneal 
lining of the cavity, which forms their pleural covering. Ata 
later stage, the portions of the body cavity into which the lungs 
hang are shat off, by the diaphragm and pericardium, from the 
a0 ee a 


0, The Liver. 

"Te liver is presont om Wh AteotS day (ig 232, w) aw 
‘a short, hollow diverticulum, with a compact masa of cells at 
its blind end, arising from the ventral wall of the fore-gut and 
the anterior wall of the yolk-stalk, immodiately behind the heart. 

By the end of the third week (Pig. 215, w) the liver és of 
larger size, and the bile-duet, or wide tubular passage 
the liver with the gat, is longer than before, but otherwise the 
relations are moch the same as in the earlier stage. 

During the fourth week the liver enlarges very rapidly 
(Figs. 216, 243, w), Tt consists of a close network of anastomos- 
ing epithelial cylinders, the development of which has not been 
followed accurately : the meshes of the network ure chiefly occu- 
pied by blood-vessels, which are present in large numbers, and of 
great size. The developmont and relations of these blood- vessels 
of the liver will be described in tho next section of this chapter, 

‘The rapid growth of the liver continues daring the i 
weeks. Tn the second half of gestation it is rather less marked 
in proportion to the other viscera, bat even at the end of preg= 
nancy the weight of the liver isto that of the whole embryo as 1 
to 18, while in the adult it is only 1 to 36. After birth the liver 
diminishes rapidly, both in size and weight, owing to the cutting 
off of the blood supply previously brought to it by the allantoic 
veins. 

‘The bile-duct rapidly lengthens during the fourth week ; 
and the gall-bladder appears, as a diverticulum of the bile-duet, 
‘bofore the end of the fifth week (Fig. 236, 9.b). 

The large size of the liver during almost the whole period of 
gestation, and its abundant vascular supply, indicate that it must 
bo of great physiological importance. It probably serves to 
modify in some way the nutrient material broaght from the 
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‘This part of the mesogaster, along the posterior border, or gronter 
curvature of the stomach, becomes produced into a double fold or 
she, the great omentum, which hangs down, like a curtain, over 
the coiled mass of the intestine, close to the ventral wall of the 
abdomen. 

Shortly after birth, the two layers of the omental sac coalesce, 
so that the omentum becomes a single membranons layer, in 
which fat early tends to accumulate, 

‘The dorsal part of the mesogaster, which is attached to the 
dorsal body-wall, and in the thickness of which the pancreas is 
contained, comes into clos contact with the layer of mesentery 

suspending the trusyerse colon, and ultimately fuses completely 


THE DEVELOPMENT OF THE CIRCULATORY 
SYSTEM. 


‘The general history of the development of the blood-yessels 
in man, their relations at the different periods of embryonic and 
of fortal life, and the changes by which at the time of birth the 
adult circulation is established, are closely similar ta those 
already described in the rabbit. Certain differences have been 
noticed in the mode of formation of the valves of the heart, and 
in the development of the great veins, more especially of those 
in relation with the liver; these are, however, of comparatively 
small importance, and are possibly, in some cases, due to the 
difficulty of obtaining human embryos in sutisfactory histor 
logical condition, and of the particular age desired. 

In the following account, which is bascd mainly on the 
descriptions of Professor His, the development of the heart will 
be dealt with first, then that of the arteries and the veins, and 
finally a brief description will be given of the course of the cir 
culation in the embryo und fostus, and of the changes which 
oceur ab birth. 


1. Development of the Heart, 

General Account. ‘The early stages in the development of the 
heart in the human embryo are known very imperfectly, and 
only as regards the external form of the organ. 





ear-like appendages, A marked constriction, the canalis auri- 
cularis, separates it from the ventricular portion. ‘This Intter, 
RY, is shaped something like the adult stomach, and lies almost 


Frg, 26%,—Haman Embry, lettered by Professor His, Bl, and estimated ax 
twenty-three oid. ‘The bavin and spinal eord sre exposed from the 
Higbi vide ‘and tho body ie disoucted to show the heart, te blood-vesscla, 
ond fl sees aul, (From Hix) «20. 
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directly actos the body; ita right-hand or distal end bends 


sharply forwards, and passes into the trancus arteriosus, RT, 
which is attached to the floor of the fore-gat rather further back 
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Seen from within, the auricular portion of the heart has, at 
the end of the fourth week, the appearance shown in Fig. 244. 
Opposite the external constriction, a fold, sx, the septum superius, 
projects into the cavity from its anterior end and yentral wall, and 
reduces the communication between the two auricles to a rather 
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small circular aperture, nenrer the dorm! than the ventral 
surface, 

‘The conspicuous projection into the dorsal part of the right 
auricle, shown in the figure, is caused by the sinus venosus. 
‘The aperture from the sinus venosus into the auricle is an 
obliquely placed slit, ns, of which the outer lip is thickened, 
forms the Eustachian valve, vU ; while the opposite, or in 
is athin fold, which at the lower end of the slit p 
triangular thickening of connective tissue, the spina we 
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fase with the lower border of the spina vestibuli to complete 
the interauricular septum, and from which also the auriculo- 
ventricular valyes are derived. 


‘The ventricles. The ventricular cavity becomes partially 
divided towards the close of the fourth week by a fold, the 
septum inferius (Fig. 244, 8p), which arises from its dorsal and 
posterior wall, and the position of which is indicated externally 
by a slight groove on the surface of the heart. The completion 
‘of the interventricular septum is a somewhat complicated pro~ 
‘opas, and will bo described after the truncus arteriosus has beer 
dealt with. 

‘The ventricular wall consists at first of an outer masenlar 
tube, and an inner and much smaller endothelial tube, the two 
tubes being separated by a considerable quantity of gelatinous 
connective tissue (of, Fig. 215), ‘Tho thickening of the ventricular 
wall is effected, in the first instance, by the outgrowth of bands 
from the muscular tube into the gelatinous tissue: these bands 
interlace and unite with one another to form a spongewark 
of muscular trabecala. The gelatinous tissue now becomes 
greatly reduced in amount, so that the endothelial and muscular 
walls aro brought much closer together, and the endothelium 
becomes moulded to the surface of the muscular wall, covering 
the trabeculwe, and lining the depressions of the spongework, 
The wall of the ventricle is now in much the same condition as 
it remains in throughout life in the frog. In the Jater stages of 
development, the outer, compact muscular wall thickens very 
considerably, and the spongework becomes less conspicuous, 
forming ultimately the columnw carnew, 

‘The walls of the two ventricles are of equal thickness through- 
out almost the whole of fistal life, as the resistance to be over- 
come by the two ix approximately equal until the time of birth. 


‘The truncus arteriosus, In the troncus arteriosus the most 
important change is the formation of the aortic septum, by 
which the single tube becomes divided into two, lying side by 
side, which become the systemic and pulmonary tranks re- 
spectively; or, in the adult, the ascending aorta and the pul- 


monary artery. [ 
‘This division of the truncus arteriosus is effected by 





formed from the septum inferius (Fig. 244, 80), but it is com- 
pleted above, partly by the lower edge of the interaurieular sap 
tum, and partly by a prolongation of the aortic septum, which 
divides the trancus arteriosns into systemic and polmonary 
tronks. 

‘The aortic septum grows back beyond the trancus arteriosus, 
so as to project a certain distance into the ventricular cavity ; 
jit then fuses with the free lower edge of the interauricular sep~ 
tum, in such n way as to cab off the systemic trunk from the 
right ventricle, and to place it in communication with the left 
ventricle ; while finally the septum inferins extends s0 as to meet 
and fuse with the interauricalar septum, and so completes the 
separation of the ventricles from ench other. 


The valves of the heart. ‘The outer finps of the auriculo- 
ventricular valves, both mitral and tricuspid, are formed from 
‘the lower lips of the canalis auricularis, which hang down into 
the ventricular cavity (Fig. 244) ; the inner flaps ofthe valves are 
derived from the lower edge of the interauricular septum. ‘The 
valves are ab first very thick and soft, and only Inter become 


thin and membranous. 

‘The semilanar valves are formed, about the end of the fifth 
week, as cushion-like thickenings of the endothelium, which soon 
become hollowed out inte pockets. 


2. The Arteries. 

‘The general plan of arrangement of the arteries in the 
human embryo is the eame az in other Vertebrates; and has 
already been described, in previous chapters, in the case of the 
rabbit, the chick, and the frog. 

From the anterior end of the truncus arteriosus a series of 
pairs of aortic arches arise, which ran round the sides of the 
pharynx, lying in the viscoral arches (Fig. 243). On reaching 
oe ian eG the aortic arches of each side 








arches is as shown in Vig. 216, ‘The mandibular 

sortic arches have lost their connection with the. 

ventral or proximal ends persist as the external ; 

and their various branches ; the mandibular areh, according. 
His, giving rise to the external and internal maxillary arteries, 

nd the temporal artery; while from the second, or byoidean 
arch, the lingual and ascending pharyngeal arteries arise, and 
perhaps algo the occipital and posterior auricular arteries, 

‘The third aortie arch, 4.3, in the first branchial arch, remains 
complete. As seen from side (Fig. 216), it is somewhat 
‘S-shaped, its curvature boing such that the direction of flow of 
the blood in it is naturally forwards, along the internal carotid 
artery, towards the head. 

‘The fourth and fifth aortic arches, a4 and 4.6, are both 
complete, opening at their dorsal ends into the aortw. From 
the fifth arches, near their ventral ends, the pulmonary 
stlan, casiy; tet ie Gerth wele sad) all nate aoa 
backwards to the lungs (Fig. 243, ar). 

Daring the fifth week furthor changes of baprtaneacetes 


See aclates eas te aR pace 

‘The portion of the aorta between the dorsal ends of the 
third and fourth, or, ax we may now call them, the esrotid and 
‘systemic arches, disappears (Fig. 245). 

‘The third, or carotid arch, becomes more directly continuous 
with the anterior prolongation of the aorta, the two yeasels 
together forming the internal carotid artery, at; while the 
common enrotid artery (Figs. 245, 246) is formed by lengthon- 
ing of the arch at its origin from the systemic trunk, 

Towards the end of the fifth week the heart travels rapidly 
backwards, aa the neck elongates; this causes great lengthening 
of the common carotid artery (Fig. 246, ar), and straightening 
of the course of the internal carotid artery. It further leads, 
among other chunges, to the pulling out of the: : 
of the pnenmogastric nerve, to form its recur 








tho lumbar region is more than donble that in the anterior 
thoracic region. At the hinder end of the lumbar region the 
aorta divides into the right and left allantaio arteries, which ron 
along the allantoic stalk’ to the placenta, and which, at any rate 
in the early stages, appear as direct continuations of the aorta 
mither than as branches of it. 

‘The proximal ends, or roots, of the allantoic arteries persist 
thronghont life as the common iliac arteries, from which the 
external ilise arteries arise as branches, on the formation of the 
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hind limbs. ‘The hypogastric arteries are the abdominal, or 

intra-footal, portions of the allantoic artories, beyond the origin of 

tho internal iline arteries ; thcir cavitics become obliterated after 

persist as solid cords, crossing the sides of 

the bladder obliquely, and running forwards and upwards to the 
umbilicus. 

‘The vertebral arteries appear, about the twenty-fourth day, 

air of longitudinal trunks running along the sides of the 

brain, and extending from the lovel of the ears to the commence- 
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differences consist in the disappearance of the left anterior vena — 
cava, and in certain modifications in connection with the veins 
of the liver, 

Tn the latter part of the third weok (Fig. 198), the blood is 
returned to the heart by three paira of veins, of approximately 
equal size :—the Cavierian, vitelline, and allantoic veins. 

Of these, the Cuvierian veins, vp, return blood from the 
embryo itself, and are formed on each side, ax in the rabbit and 
the chick, by the union of an anterior cardinal or jugular vein, 
ve, from the head, with a posterior cardinal vein, V0, from the 
trank, 

‘The vitelline veins, vv, return blood from the yolk-sac, and 
enter the embryo by the yolk-statk. 

The allantoic veins, va, return blood from the placenta; they 
enter the embryo along the allantoic stall, and ron forwards in 
tho side walls of the body to the heart, 

‘The veins are at first of equal size on the two sides of the 
body, and by the union of the six veins the transversely placed 
sinus vencsus isformed. Tn following their further development 
it will be convenient to take the several veins scparately. 


‘The vitelline veins ars comparntively small, as in Mammals 
generally, owing to the small size of the yolk-sac. ‘They 
tie in the splanchnopleuric mesoblast, and, after entering the 
embryo at the umbilicus, ran forwards along the sides of the 
alimentary canal to the sinus venosus (Fig. 243, vv). The 
vitelline veins are closely associnted with the liver, and they 
become surrounded by this as it is developed; furthermore, the 
principal changes which they undergo are in connection with the 
vascular supply of the liver. 

Early in the fourth week, about the twenty-third day (Fig, 
248), the vitelline veins become interrupted as they pass through 
the liver, breaking up into a set of afferent hepatic vessels 
supplying the liver, and a set of efferent hopatic vessels con- 
veying the blood from the liver to the heart. ‘The afferent and 
‘efferent hepatic vestels are connected by capillaries only, 0 that 
all the blood entoring the liver by the vitelline veins must 
traverse the substance of the liver in order to reach the heart. 

Abont the same time, the right ond left vitelline veins 
becomes connected together, immediately before they onter the 


ree 
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differences consist in the disappearance of the loft anterior vena 
cava, and in certain modifications in connection with the veins 
of the liver, 

In tho latter part of the third wool (Fig. 198), the blood is 
returned to the heart by three pairs of veins, of approximately 
equal size :—the Cuvierian, vitelline, and allantoic veins. 

Of these, the Cuvierian veins, vp, return blood from the 
embryo itself, and are formed on each side, as in the rabbit and 
the chick, by the union of an anterior cardinal or jugular vein, 
va, from the head, with a posterior cardinal vein, vo, from the 
trunk, 

‘The vitelline veins, v¥, return blood from the yolk-sac, and 
enter the embryo by the yolk-stalk. 

The allantoic veing, va, return blood from the placenta; they 
enter the embryo along the allantoic stalk, and ran forwards in 
the side walls of the body to the heart, 

The veins are at first of equal size on the two sides of the 
body, and by the union of the six veins the transversely placed 
sinus venosus isformed. In following their further development 
it will be convenient to take the several veins separately. 


‘The vitelline veins aro comparatively small, as in Mammals 
generally, owing to the small size of the yolkesac. They 
lie in the splanchnopleuric mesoblast, and, after entering the 
embryo nt the umbilicus, ran forwards along the sides of the 
alimentary canal to the sinus yenosus (Fig. 243, vv). The 
vitolline veins aro closely associated with tho liver, and they 
become surrounded by this as it is developed ; furthermore, the 
principal changes which they undergo are in connection with the 
vascular supply of the liver. 

Early in the fourth week, about the twenty-third day (Fig. 
248), the vitelline veins become interrupted as they pass through 
the liver, breaking up into a set of afferent hepatic vessels 
supplying the liver, and a set of efferent hepatic vessels con~ 
veying the blood from the liver to the heart. ‘The afferent and 
efferent hepatic vessels are connected by capillaries only, 80 that 
all the blood entering the liver by the vitelline veins must 
travers the sabstance of the liver in order to reach the heart. 

About the same time, the right and left vitelline veins 
hecome connected together, immediately before they enter the 
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the mode of its development, rans round the duodenum with the 
spiral course characteristic of the vein in the adult. 


‘The allantoic veins are at first paired, but they soon fuse 
together at their hinder ends, within the allantoic stalk, to form 
a single vessel ; further forwards, within the embryo itself, they 
remain separate, ronning in the side walls of the body, close to 
the base of the amnion folds (Fig. 198). 

During the fourth week, both allantoic veins lose their con- 
nection with the sinus venowus, The right allantoic vein 
(Big. 247, va’), which is now much the smaller of the two, 
breaks up into two sets of vessels: an anterior set, va, which 
run in the body wall, and join the efferent hepatic vessels as 
thee leave the liver; bre) gharar Sn which disappear at 
adlightly later stage. 

‘The left allantoic vein, VA, which is much lorger than the 
right, also divides into two sets of vessels: an anterior set, VA", 
which resemble those of the right side; and a large posterior 
vessel, va, which joins the anterior sinus annolaris, or hepatic 
portal vein, just as this enters the liver substance. 


The ductus venosus. At about the twenty-third day, both the 
vitelline and the allantoic veeeels have lost their direct connec= 
tions with the sinus venosus, and in order to reach the heart the 
blood in these vessels mast traverse the liver capillaries. A 
direct communicating passage is now established between the 
portal vein, just before it enters the liver, and the right hepatic 
‘ein just before this reaches the sinus venosus. ‘This communica~ 
tion (Fig. 247, v8) is the ductus venosus, cometimes called tho 
vena ascendens or vena Arantii; it enlarges very rapidly, and 
affords a wide and direct path by which the blood from the 
placenta can reach the heart without passing through the liver 
capillaries, 

Jn rabbit and chick embryos tho ductus venosus is the per~ 
sistent anterior part of the fused vitelline yoins ; in man, accord- 
ing to Professor His, whose descriptions have been followed above, 
it, is, as just deseribed, an entirely new vessel. 


‘The posterior vena cava is a very insignificant yein in the 
earlier stages. It is formed by the junction of the iliac veins, 
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openings, and in slightly older fostuses all four openings are 
present; the change being apparently due to the opening out 
of the originally single orifice, and the abeorption of the vein, as 
far os ite tiret branches, into the wall of the anricle; much in the 
same way as the sinus venosus is opened out, and made part of 
the wall of the right auricle, 


4. ‘The Course of the Circulation during the first Four Months of 
Gestation. 


In the early stages, up to the end of the first month, the 
blood brought buck to the hoart—whether from tho body of the 
embryo itself, from the placenta, or from the yolk-sse—is poured 
into the sinus yenosus, and thence, through « median slit-like 
aperture, into the single auricular cavity. Complete mixture of 
the streams from the several sources must necesenrily occur, in 
both the sinus venosus and the auricle, and the blood driven out 
through the truncus arteriosus by the ventricle will be of a 
mixed character. 

After the sinus venosus is taken into the heart, in the early 
part of the second month, there are for a time three 
openings into the right auricle: those of the right and lef 
Cuyviorian veins, and of the posterior vena cava respectively. The 
auricular septum is now partially formed, but there is still free 
communication between the two anricles through the foramen 
ovale. Of the three veins, the opening of the posterior vena 
cava lies nearest to the foramen ovale; and the Eustachian 
valve, a fold of the wall of the auricle along the right-hand side 
of the opening, tends to direct the blood from the posterior vena 
caya through the foramen ovale into the left auricle, The 
foramen ovale ix at this stage a mere aperture in the auricolar 
septum, not guarded by valves, so that a certain amount of direct 
mixture of the blood returned to the auricle by the different 
veins must of necessity take place, 

Daring the third month, the transverse communication from 
the left to the right Cuvierian vein is being established ; and 
by the end of the fourth month the left Cavierian vein has 
practically disappeared, the whole of the blood from both sides 
of the head, and from both fore limbs, being returned by the 
right Cuvierian vein, or anterior vena caya aa it may now bo 
called. Neglecting the coronary sinus, which is comparatively 
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orenkibe reese Reese sea ee oe 
from the vitelline veins of the earlier stages. 

{ia yeacig he livery hs bicod etal be aemahipe a 
open to it, by either of which it can reach the posterior vena 
cava, Part of the blood is conveyed by the afferent hepatic 
vessels into the substance of the liver, from which it is returned 
by the efferent hepatic vessels, or hepatic veins, to the posterior 
vena cava; the greater part, however, continues straight on- 
wards through the wide ductus yenosus, and, 20 reaches the 
posterior vena cava without having traversed the liver. 

‘The blood brought back to the heart by the posterior vena 
cava is thus derived very largely from the allantoic wein, and 
in part from the renal veins; it is therefore purer as regards 
gaseous constituents, and freedomn from nitrogenous excretory 
matters, and is richer in nutrient matters, than the blood 
returned by the anterior vena cava; and the blood im the 
anterior and in the posterior venm@ cavm may consequently be 
contrasted as venous and arterial respectively, 

The venous blood brought to the right auricle by the ante- 
rior vena cava passes, on the auricular contraction, into the 
right ventricle. From the ventricle it is driven along the pul- 
monary trunk (Fig. 246, nw); a small portion pastes along the 
pulmonary arteries, AP, to the lungs, but as the longs are in an 
tmexpanded condition there is considerable resistance to the 
entrance of blood into the pulmonary vessels, and only an 
insignificant portion of the stream takes this path, Nearly the 
whole of the venous blood in the pulmonary trunk passes along 
the ductus arteriosus (Fig. 246, 4.6) to the dorsal aorta, down 
whieh it courses to the bifurcation of the aorta into the two 
common ilise arteries ; then down these latter, and partly along 
the external ilinc arteries to the hind limbs, but mainly along 
the allantoic arteries to the placenta, where it gains nutrient 
matter and oxygen, and from which it is returned to the fortus 
by the allantoic vein. 

‘The arterial blood brought to the right auricle by the 
posterior vena cava docs not really enter the cavity of the right 
auricle, but is directed at once, by the Eustachian valve, through 
the foramen ovale into the left auricle, which also receives the 
very stonll quantity of blood returned from the lungs by the 
pulmonary veins. From the left auricle the blood passes into 
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longer reach the sorta, but passes entirely slong the pulmonary 
arteries to the lungs. From the lungs it is returned by the 
pulmonary veine, which are now greatly enlarged, to the left 
anricle, and so to the left ventricle, which drives it not only to 
tho head and upper limbs, but also along the dorsal aorta to the 
hinder part of the body. 

By obliteration of the ductus venosns, all the blood in the 
hepatic portal vein is compelled to pass through the capillaries 
‘of the liver in order to reach the posterior vena cava, In other 
words, by these three changes—obliteration of the ductus arte- 
riosus, obliteration of the ductus venosus, and closure of the 
foramen ovale—the festal circulation has been converted into that 
of the adult. 

‘These changes do not occur immediately on birth, nor are 
thoy effected simultaneously. 

Obliterution of the allantoic or hypogastric arteries occurs 
first; it is effected partly by contraction of the entire vessels, 
but chiefly by thickening of their inner coats, and is usually 
somalia ea eae 

The allantoic veing and the ductus venosus remain open 
rather longer, but are generally obliterated by the sixth or 
seventh day. 

‘The ductus arteriosus, according to Allen Thomson, ‘is rarely 
found open after the eighth or tenth day, and by three weeks ib 
has, in almost all instances, become completely impervious.” 

Closure of the foramen ovale is the last of the changes to be 
completed. ‘The cloaure is at first effected merely by the valve, 
which projects into the left auricle, being kept closely applied 
to the margin of the aperture by pressure of the increased 
quantity of blood now returning by the pulmonary veins. At a 
later stage the edge of the valve gradually coalesces with the 
margin of the opening, but the union often remains incomplete 
for some months; and it not unfrequently happons that an 
oblique valvular aperture, large enough to admit a probe, 
persists for the first year of infancy, and may even be perma- 
nent throughout life, in which cass a direct passage of venous 
blood into the left auricle is liable to occur, especially on over= 
exertion, 
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Each Wolffian body consists at first of rods of cells, which 
appear to arise independently of the Wolffian duct. The mds 
soon become S-shaped: early in the fourth week they acquire 
axial cavities, and so become tubes ; and by the end of the week 
the tubes, or Wolffian tubules as they may now be termed, grow 
towards tho Wolffian duct and open into it, The opposite, or 
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cloged ends of the tubules become dilated, and then invaginated 
to form Malpighion bodies, the glomeruli being derived from 
branches of the aorta which penetrate into the Wolffian body 
slong its whole length; while the veins open into the large 
posterior cardinal veins, which are intimately associated with the 
Wolffian bedies from their first appearance, 

The Malpighian bodies are more abundant along the inner 
sido of each Wolfian body, while the duct lies along its onter 
border, excopt atthe hinder end, where it crosses to the inner side. 

During the second month the Wolffian bodies grow rapidly = 
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the Malpighian bodies increase greatly, both in number and in 
size; and new Wolfian'tubules are formed, apparently by budding 
from the old ones. In each tubule the part next the Malpighian 
body, which is probably the secreting portion, has thicker walls, 
formed of larger epithelial cells, than the more distal part which 
opens into the Wolffian duct. 

‘The Wolffian body reaches its greatest development about 
the eighth week, from which time it slowly diminishes in size. 
Degeneration commences, and proceeds more actively at the 
anterior end of the Wolffian body, which from the first has lagged 
behind the rest of the organ in development. Ultimately the 
whole structure becomes affected ; by the fifth month the Mal- 
pighian bodies have almost entirely disappeared, and in the end 
the Wolffian body becomes reduced to an accessory part of the 
reproductive apparatus. 

2, The Kidney and Ureter. 

The ureter arises on each side as a diverticulum from the 
hinder end of the Wolffian duct, in the early part of the fourth 
week (Fig. 248, Kp). This soon acquires an independent 
opening into the cloaca, a little way behind that of the Wolffian 
duct (Figs. 216, xb, and 238, x). At its opposite or blind end 
the ureter grows forwards, between the hinder end of the Wolffian 
body and the vertebrae. It dilates to form a somewhat elongated 
sac, which is the pelvis of the fature kidney; and from this 
sae branching tubular diverticula grow out (Fig. 234, x), and 
become the urinary tubules. ‘These rapidly increase in number 
and in length; Malpighian bodies are formed in connection with 
their distal ends, and the kidney structure is definitely acquired 
by the end of the second month, at which time the degeneration 
of the Wolffian body commences. 

"The bladder is formed by dilatation of the basal or proximal 
part of the allantois. Beyond the bladder the allantoic stalk 
loses its cavity and becomes a solid rod, the urachus, leading 
from the bladder to the umbilicus. ‘The lumen usually disap- 
pears early in the fifth week, but it may persist for a much 
longer time, or even be present in the adult. 


3. The Millerian Duct. 


About the end of the fourth week, a longitudinal ridge-like 
thickening of the peritoneum appears along the outer side of each 
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of the Wolffian bodies, The ridge lies close to the Wolffian 
duct, and extends along its whole length, but is quite independent 
of this, 

Early in the fifth week, the Mullerian duet is formed in this 
ridge ; it is s narrow straight tube, lying along the outer side 
of the Wolffian duet, but distinct from this. Tts anterior end 
opens into the body cavity by an elongated slit-like mouth, 
situated in o patch of thickened peritoneal epithelium, a little 
way in front of the anterior end of the Wolffian body. Poste~ 
tiorly, the Mullerian duct ends blindly. 

By the eighth week the Mallerinn dact has 

- Tt commences in front with a wide haceh eos mies 
the margins of which are already slightly fimbriated, Behind 
this mouth, the duct runs straight backwards for some distance, 
along the outer side of the Wolffian body, then turns sharply 
inwards, crosse ventral to the Wolffian duct, and continues back- 
wands in close contact with the Mullerian duet of the opposite 
side ; it still ends blindly behind. 

Tn the male, the Millerian ducts begin to atrophy shortly 
after reaching this stage, In the female, they undergo farther 


dovclopment, and give rise to the oviducts, uterag, and vagina, 
as will be described in the section dealing with the accessory 
organs of reproduction. 


4. The Head-kidney. 

Janosik has described, in an embryo eighteen to nineteen 
days old, what he thinks may prove to be a rudimentary pro- 
nephras, in the form of n couple of peritoneal fannels just in 
front of the anterior end of the Wolffian duct; the anterior 
funnel haying close to it o structure not unlike an external 
glomerulus. The early development and subsequent fate of 
thege structures have not yet been determined. 


THE DEVELOPMENT OF THE REPRODUCTIVE 
ORGANS. 
L, The Essential Reproductive Organs. 

‘These have already been described, in the introductory portion 
of this chapter (pp. 449 to 457); but a few further details may 
conveniently be added here. 

In embryoe thirty-two days old (¢7. Fig. 205), the genital 
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from tubes which originally belong to the excretory system ; the 
oviduets being formed from the Mullerian ducts, and the vasa 
deferentia of the male from the Wolffian ducts; while other por 
tions of the embryonic excretory apparatus persist in » modified 
‘or vestigial form, as accessory organs in relation with the repro- 
ductive system. 

. In the Male, 

‘The Milerian duote begin to atrophy about the middle of 
the third month, and ultimately disappear completely along the 
greater part of their length. ‘The anterior end of the Mullerian 
duct may persist, and in connection with it the bydatids of 
Morgagni are believed to be formed; this name being given to 

or more small pedanculated bodies, lying between the testis 

the head of the epididymis. One of these bodies is of larger 
size, and more constant occurrence, than the others, 

‘It is stated that the posterior ends of the Mallerian ducts 
unite together, and give rise to the uterus mascolinus, « small 
pocket-like diverticulum from the dorsal wall of the prostatic 
portion of the urethra, a quarter to half an inch in depth, and 
bearing on its margins the slit-like openings of the vasa 
deferentia. The statement, however, needs confirmation. 

The Wolffian body and Wolfian duet. ‘The greater part of 
the Wolffian body disappears, bat the anterior end becomes 
intimately connected with the testis, und persists throughout 
life. From the Wolffian tubules of this anterior end tubular 
outgrowths arise, which during the fourth month grow into the 
substance of the testis, and give rise to the vasa efferentia; these 
soon become connected with the seminal tubes, which latter, ac 
cording to Nagel, are formod directly from the germinal pitho- 
lium. ‘The anterior Wolffian tubules become the coni vasculosi ; 
and the Wolffian dact is converted, im front, into the extremely 
tortuons epididymis, and further baek into the vas deferens, 

‘The structures known as the yaa aberrantia, a scrics of tor- 
‘tuous tubular diverticula from the lower end of tho epididyrnis ; 
and the parepididymis, or organ of Giraldas, are probably per- 
sistent portions of some of the hinder Wolffian tubules. 

b. Inthe Female, _ 

‘The Milllerian ducts, at the beginning of the third month, 
are still qaite distinct from each other. Their anterior ends, 

ag 
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with the abdominal openings, are widely separate; their pos- 
terior portions lie side by side, between and slightly dorsal to 
the Wolffian ducts, and bound up with these by connective 
tissue, to form what is spoken of as the genital cord. The 
Millerian ducts still end blindly behind. 

Towards the end of the third month, the two Mallerian ducts 
fase together, opposite the middle third of the genital cord ; and 
from this point the fasion extends rather rapidly forwards. and 
much more slowly backwards. The fused portion, or utero- 
vaginal canal, enlarges steadily, especially in its transverse 
diameter. By the beginning of the fourth month, a distinction 
appears between the uterine and vaginal portions of the canal; 
the proximal portion, or ateras. being lined by a columnar epi- 
thelium, and the distal portion, or vagina, by a squamous 
epithelium. 3 

During the fourth month, the boundary line between the 
uterus and vagina becomes a much sharper one. The uterus 
becomes considerably dilated : the vagina, on the other hand, is 
flattened dorso-ventrally ; and, by proliferation of its epithelial 
cells, its lumen becomes completely blocked up for a time, re- 
appearing in the course of the fifth month. 

‘The two Miillerian ducts thus give rise to the whole length 
of the female passages; the anterior or proximal ends of the 
ducts remaining distinct from each other, and forming the 
oviducts or Fallopian tubes; while the posterior or distal por- 
tions fuse together, and give rise to the uterus and vagina. 

The fusion of the two halves of the uterus is not completed 
until the latter part of the fourth month; and the occasional 
retention of a more or less complete uterine septum, even in the 
adult, is due to imperfect fusion of the two originally distinct 
ducts. 

The cervix uteri is established during the fifth month, at 
the time when the lumen of the vagina is reappearing. The 
folds of the wall of the cervix, spoken of as the arbor vite, 
appear during the fourth month; while the differentiation of 
the muscular walls, and of the enormously developed muscularis 
mucosa commences in the sixth month. The uterine epithelium 
is devoid of cilia during the whole of fatal life; and up to the 
time of birth there are no glands in the body of the uterus. 

~~ ds are, however, present in the cervix, and apparently 
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secrete the plug of macus which commonly oceupics the os ‘uteri 
‘ot the time of birth. 

The Wolffian body. In the female, outgrowths from the 
anterior Wolffian tubules into the ovary occur, similar to those 
which in the male give rise to the vasa efferentia; but they do 
uot give rise to any adult structure, 

A namber of the Wolffian tubules of the anterior end of the 
Wolffian body persiet throughout life, forming the structure 
known us the parovarium (Fig. 249, a), sometimes called the 
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epoophoron or organ of Rosenmiller; a series of transverse 
tubes which run, with a somewhat tortuous course, in the fold of 
peritoneum between the ovary and the Fallopian tube, and are 
connected with the anterior end of the ovary. 

A small portion of the hinder part of the Wolffian body may 
persist as a rudimentary structure, the parcophoron, lying in the 
peritonoum opposite tho hinder end of the ovary. 

The Wolffian duct persists, in front, as the longitudinal 
dact of the parovarium (Fig. 249, c), into which the transverse 
tnbules, a, open, and which corresponds to the epididymis of the 
male. ‘The hinder part of the Wolffian duct usually disappears, 
but it may persist along a greater or less portion of its length o# 
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the rectam from the arino-genital passage has almest reached 


rface, but the two passages apparentiy open by a single 
Immediately in froot of this apertcre is a 








small conical projection, #9, the genital tubercle or clitoro-penis. 
The penterior surface of this tubercle is marked by a longi- 
tudinal groove, which leads, through the cloacal aperture, into 
the urino-genital passage; the lips of the groove are slightly 
swollen, and are continuous with the lips of the cloacal opening, 
which form the inner sexual folds. The tip of the genital 
tubercle is expanded into a small knob, the glans. 

A little later, towards the end of the second month, the 
septum between the urino-genital passage and the rectum 
reaches the surface, dividing the cloacal aperture into two 
separate openings, an anterior or urino-genital (Fig. 251, /), 
and a posterior or anal (Fig. 251, a). 

Up to this time the course of development is practically the 
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same in all embryos, but from abont the tenth week differences 
become npparent between the two sexes, 

In the male, the genital tubercle elongates, and forma the 
penis. The lips of the groove, along the posterior surface of the 
tubercle, meet and fase to form the eanal of the | 
urethra; and, by a similar fasion of the lips of the urino-genital 
opening, the penial urethra and urino-genital passage become 
directly continuous with each other. The glans penis is at first 
solid, but towards the end of the third month the groove extends 
forwards along it, and, gradually closing from behind forwards, 
carries the opening of the urethral canal to the apox of the 
glans. ‘The prepuce appears, towards the ond of the third 
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month, ag a fold of skin round the base of the glans, and is nt 
firet interrapted ventrally by the urethral groove, 

‘The scrotum is formed from ‘a pair of folds of skin, the Inbio~ 
serotal or outer genital folds, which arive at the sides of the 
urino-genital opening, and ultimately unite with each other in 
the median plane behind the penis (Pig. 252, Al). 

In the female the genital tubercle remains small and becomes 
the clitoris (Pig. 253, e) ; and the genital groove remains open. 
‘The inner genital folds (Fig. 253, »), at the sides of the nrino- 
genital opening, become the labia minora or nymphw ; while tho 
outer genital, or labio-ecrotal folds, k!, become the labia 
and, in front, the mona Veneris. 
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‘The urino-genital canal shortens considerably in the female, 
#0 as to bring the aperture of the urethra close to the surface. 

‘The above changes are usually completed in both sexes by 
the end of the third month; but they may be delayed until a 
much later date. 


THE FETAL MEMBRANES AND THE PLACENTA. 


1, The amnion is the thin transparent membrane which 
invests the embryo like a sac, covering its dorsal surface and 
sides (of. Fig. 197, ay). 

‘The mode of formation of the amnion in the haman embryo 
has not yet been determined. In Reichert’s ovum, estimated 
to be twelve or thirteen days old, there was no trace of an 
amnion present (Figs. 172 and 178); while in the embryos 
¥ and gr (Figs. 176, 178, 179), which are believed to be of the 
thirteenth day, the amnion is already fully formed. Figs. 186 
to 188 show the mode in which the development of the amnion 
is believed to occur, by growth backwards of a fold of the wall of 
the blastodermic vesicle over the embryo; but the figures are 
purely hypothetical, and the intermediate stages which they 
represent have not been seen. 

Of the two layers of which the amnion consists, the outer 
one (ef. Fig. 188) is simply a part of the wall of the blastodermic 
vesicle, and it is usual to limit the term amnion to the inner 
layer, which more immediately invests the embryo. ‘The space 
hetween this inner layer, or amnion, and the embryo is spoken 
of as the amnionic cavity, and is filled with fluid. 

The rate of growth of the amnion, as compared with that of 
the embryo itself, varies considerably at different periods of 
development. On its first formation, about the thirteenth day, 
the amnion invests the embryo fairly closely (Fig. 179). Dar 
ing the third week the amnion grows rather more rapidly, 20 
that the space between it and the embryo enlarges somewhat 
(Vig. 196). During the fourth week, as at the corresponding 
stages in the rabbit or chick, the embryo grows considerably, 
and at the end of the week the amnion invests it very closely. 

During the second month the amnion enlarges much more 
rapidly, and the amnionic cavity becomes a space of consider- 
able size, filled by the liquor amnii (Fig. 254). Owing to this 
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increase in its dimensions, the amnion forms a sheath sround 
the umbilical cord, and also comes into close contact with the 
wall of the blastodermic vesicle over the whole extent of its inner 
surface. 

‘The liquor amnii, which occupies the amnionic cavity, between | 
the amnion and the embryo, varies much in quantity at different 
period of gestation, It is apparently most abundant about the | 
fifth or sixth month. Its actual quantity is difficult to fix, as it 
varies greatly in different cases; when in excess, i.e. more than 
about 1} litre, it constitutes the affection known as hydrops 
amnii, 

‘The liquor amnii containe urea, especially during the later 
months of gestation; this appears to be a true excretory pro- 
dnct, separated by the kidneys of the foxtus, and discharged 
through the nrino-genital aperture into the ammionic cavity. 

Structurally, the human amnion consists, like that of the ] 
rabbit or chick, of a single layer of epiblast cells, supported on 
thin layer of mesoblast (cf: Figs. 182 to 184). ‘The mesoblast ] 
consists of a homogeneous matrix, with embedded cells; while 
the epiblastic epithelium is, according to Minot, noteworthy on 
necount of the distinctness with which the intercellular bridges 
of protoplasm, connecting the several cells with one another, can 
‘be made out; the boundaries between adjacent calls being 
formed, not by divisional planes, but by lines of vacuoles, 
between which the protoplasmic bodies of the colls are directly 
continuous with one another. | 


2. The Umbilical Cord. 

The umbilical cord, which connects the embryo with the 
placenta (Fig. 254), is formed in the first instance by the | 
allantoio stalk (Fig. 179, 197, Tz). This stalk, in the human 
embryo, is directly continuous, from the first, with both the 
erabiryo and the wall of the blastodermic vesicle (Figs. 186 to 
188), and has the appearance of a direct prolongution back- 
wards of the hinder end of the embryo. On the formation of 
the tail, the allantoic stalk is gradually driven down to the 
ventral enrface of the embryo (ef. Figs. 179, 197, 198, 7 and 
72), and acquires the position and relations characteristic of 
it in rabbit or chick embryos at corresponding periods. , 

‘The chief purpose of the allantoic stalk is to afford a pa 
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between the embryo and the mother at og early a period as 


ie. 

Tn the later stages of development, the yolk-stalk, or pedicle 
of the yolk-sac (Fig. 254, y'), becomes closely applied to the 
allantoic stalk, and bound up with it in o sheath formed by the 
spreading amnion, am; and it is to the compound structure 
formed of these elements that the name umbilical cord is given. 

‘The umbilical cord increases considerably in length daring 
development, About the middle of gestation it is usually from 
18 to 21 cm. long, ond from 9 to 11 am. thick. At the time of 
birth, its average length is from 48 to 60 cm., and its thickness 
11 to 13 mm. ; but it is liable to very great individual varia- 
tions. It may be as short ag 12 em.; or,on the other hand, 
may attain » length of 167 cm. 

‘The umbilical cord ix almost invariably twisted spirally on 

itself, and the cause of this twisting, which commences about 
the middle of the second month, has been the subject of much 
discussion. If examined more closely, itis found that all the 
constituents of the cord are nob twisted to the same extent ; the | 
spirals described by the allantoic arteries being always more 7 
numerous, and closer together, than those of the whole cord, or 
than those of the veins round which the arteries appear to twist. 
‘Tho twisting appears to be due to the allantoic arteries increas 
ing in length more rapidly than the other constituents of the 
cord, and so being compelled to adopt a tortuous instead of «a 
straight course. The allantoic arteries may describe as many as 
thirty or forty complete turns in passing from the fertus to the 
placenta. 

As the spiral growth involves the whole umbilical cord, and 
this cord is fixed at its placental end, it ie clear that, aa the cond 
twists, the embryo must rotate in the liquor amnii. The cord 
may become twisted round the neck of the fetus, and may 
even be tied in knots: these knots being produced by the 
cord, at on carly stage of development, becoming thrown into a 
loop, and the embryo then floating through the loop, 


Structure of the umbilical cord, The filly developed umbilical 
cord consists of the following structures (Fig. 254) :— 

1. The sheath formed around it by the amnion. ‘This invests 
the cord very closely, except at its insertion into the placenta, — 
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2. The right and left allantoic arteries, u. These are usually 
quite distinct from each other along the greater part of the 
length of the cord, but just before reaching the placenta are 
almost invariably united by an anastomotic branch. 

3. The allantoic vein. This has thinner walls than the 
arteries, and has also, according to Klliker, rudimentary valves. 
‘There are at first two allantoic veins, but the right one is, almost 
from the first, smaller than the left, and disappears completely 
about the fourth week. 

4, The epithelial lining of the allantoic cavity. During the 
first and early part of the second month, the allantoic stalk is 
hollow, its cavity extending from the cloaca of the factus along 
the whole length of the cord, as far as the wall of the uterus. 
Later on, in the third or fourth month, the cavity becomes con- 
stricted, or altogether obliterated. Isolated portions of it may, 
however, persist, especially at the proximal or foetal end of the 
cord, up to the time of birth. 

5. The yolk-stalk and its vessels, the vitelline arteries and 
veins, ‘These usually disappear during development, and are 
seldom to be distinguished in the cord at full time. The yolk- 
stalk at first lies in a groove in the allantoic stalk ; but it soon 
becomes completely surrounded by this latter, and then ceases to 
be distinguishable. 

6, The Whartonian jelly; this forms the matrix of the cord, 
in which are embedded the various structures described above. 
It consists of a complex network of branching comnective-tissue 
cells, embedded in a clear gelatinous matrix. Immediately 
beneath the surface epithelium, and around the blood-vessels 
and the allantoic cavity, the connective-tissue meshwork is rather 
denser than elsewhere ; and, in the matrix, fibres are developed, 
especially during the later months of gestation. 

7. Up to the close of the third month, the end of the umbilical 
cord next the embryo contains, as already noticed, a loop of the 
intestine 254, i), but after this date the alimentary canal is, 
as a rule, completely withdrawn into the body of the foetus. 








3. The Chorion. 

‘The term chorion has been used in very different senses by 
writers on embryology. It is convenient to employ it for that part 
of the blastoderm, or blastodermic vesicle, which is not, direct!7 
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concerned in the formation of the embryo, It is nsasl toexclude 
the amnion from the definition ; but in the ease of the human 
embryo the outer layer of the amnion, or ‘false amnion" as it is 
commonly called in other Vertebrates, is #o directly continnous 
with the wall of the vesicle that it is better to include it under 
the same name, I 

‘Thus in Reichert’s ovum (Fig. 174) the chorion is the whole 
wall of the vesicle, except the embryonie area,a. In His’ 
embryo E (Fig. 188), the chorion forms the entire wall of the 
vesicle, the embryo being now depressed within its cavity. 

It is the chorion which comes in contact with the-walls of 
tho uterus (Figs, 254, 255), and it ia from the chorion that the 
fetal part of the placenta is developed. 

‘The human chorion is remarkable for its very early and 
complete separation from the yolk-sac (Pigs. 186 to 188); and 
also for the very early period at which villi ars developed from 
its outer surface, 

Structurally, the chorion consists of an outer layer of epiblast, ] 
which from the first is two cells thick ; and an inner and thicker 
layer of mesoblast, which very early becomes vascular, the blood= 
vessels being derived from the allantoic arteries and veins, 
which reach the chorion along the allantoic stalk, and which | 
are, of course, directly continuous with the blood-vossels of the 
embryo, 

Th Reichert’s ovum (Figs. 172, 173, 174), the villi are con- 
fined toa broad marginal zone round the equator, the centres of 
the two fattened surfaces forming bare patches. At a very 
slightly Inter period, in His’ embryo E, and im others of about the 
thirteenth day (Figs. 175, 188), the villi cover the entire surface 
of the chorion, 

‘The chorionic villi consist at first entirely of epiblast, Theyg, 
arise as solid buds of epiblast, which become hollow as they ing» 
crease in size; and at a later stage the mesoblast grows inte 
them along their axes, ‘ing the blood-vessels with it. During — ~ 
the fourth week the villi grow actively; they branch freely, und 
in a very irrogalar manner. They penotrate the decidua, or 
modified mucous membrane of the uterus, to a slight depth ; but 
do not, as was formerly believed to he the case, grow into the 
uterine glands. They become attached to the decidua at their 
tips, but remain free along the rest of their length. As in their 


i 
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first appearance, so also during the later stages of their growth. 
the epithelial layer, or epiblast, is always in advance of the 
mesoblastic connective-tissue core; the villi presenting lateral 
processes, or knobs, caused by local thickenings of the epithe- 
lium, into which at a later stage the vascular connective tissue 
penetrates, 3 

The villi are at first of uniform size over the whole surface of 
the chorion (Fig. 188); but towards the end of the second month, 
or early in the third, they begin to develop unequally. Opposite 
the decidua serotina, or part of the uterine wall to which the 
ovum is directly attached (Fig. 254, ds), the villi increase 
greatly in size and in complexity, forming ultimately the fcetal 
part of the placenta. Over the rest of the surface of the chorion, 
opposite the decidua reflexa, dr, the villi, on the contrary, begin 
to shrink ; the blood-vessels which supply them undergoing at 
the same time a gradual diminution in size. 

In this way a distinction is established between the chorion 
frondosum, opposite the decidua serotina, which is very vascular, 
and beset with closely placed and richly branched villi; and the 
chorion leve, opposite the decidua reflexa, which is a thin trans- 
parent membrane, with no blood-vessels, and connected with the 
decidua retlexa merely by a few scattered, slightly branched, and 
inconspicuous villi. By the end of the fourth month, the villi 
of the chorion leve have almost completely disappeared, except 
from a narrow fringe round the margin of the placenta, where 
they persist until the close of gestation. 

Up to the end of the third month, the villi can be fairly 
readily withdrawn from the crypts of the decidua in which they 
are lodged, and the fcetal and maternal structures thus separated 
from each other ; but, after the placenta is definitely established. 
the connection between the foetal and maternal elements becomes 
so intimate that complete separation is no longer practicable. 

The epithelium of the chorion frondosum undergoes impor- 
tant changes during the later months of gestation. Of the two 
layers of cells of which it consists from the first, the inner 
or deeper layer becomes thickened in irregular patches, very 
variable in number and in size; the individual cells are also 
very irregular, and show signs of degenerative changes. The 
outer, or surface layer of epithelium undergoes more extensive 
changes. ‘The cell boundaries become lost, and the cell bodies 
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run together to form a dense stratum, in which the nuclei remain 
visible for a times ultimately the nuclei disappear, and the 
whole layer becomes modified into a hyalina, very refractive 


epithelial origin was known, a8 eanalisea fibrin, 
Over the villi, the deeper or cellular layer of the epitheliam 
disappears in grent part, persisting only in isolated patches. 
‘he ben cl, sso Sereda ead To 
layer, similar to that of the chorion frondosum itself. 
In the chorion love the epitheliam retains its cellular 
character, and no fibrin layer is formed. 


4. The Decidua. 

The decidua is the mucous membrane of the pregnant 
uterus. ‘The early stages in its formation are, xo far as they 
are known, identical with those by which the catamenial or 


of the delice oO peepeny eer 6 te octal, Be 
difference between the two is that, in the former, the processes 
laying reached n certain point, stop and then become retrom 
grestive, the decidua being broken up and discharged, together 
with » certain amount of blood, as the menstrual fluid; while, 
on tho other hand, in the case of the decidaa of pregnaney, 
development, after reaching the point mentioned, does not stop, 
bat proceeds to further stages of elaboration, 

The difference between the two courses seems to dep 
solely on the presence of a fertilised ovum within the 
the Iatter case, and on tho absence of such an ¢ 
former; 20 that the catamenia) decidua may b 
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preparation on the part of the uterus for an ovum which never 
reaches it; the decidua, after waiting a certain time, becoming 
broken upand discharged. If, however, impregnation is effected. 
and a fertilised ovum reaches the uterus, a new stimulus is set 
up, and the developmental processes, instead of stopping, go on 
to farther stages, and so give rise to the decidua of pregnancy. 

Prior to the arrival of the ovum in the uterus, the decidua 
forms a complete lining to the uterus. It does not cover the 
orifices of the Fallopian tubes (Fig. 254), which remain open 
throughout the greater part or the whole of pregnancy ; neither 
does it extend into the cervix uteri, but stops abruptly at the 
os internum. With these exceptions, the decidua forms a layer, 
of approximately uniform thickness and structure, covering all 
parts of the uterine wall. 

It seems to be, to a great extent, a matter of chance with what 
part of the uterus the ovum will come in contact, on entering its 
cavity ; and it is therefore important that all parts of the surface 
should be equally prepared to receive it. In the great majority 
of cases, the attachment of the ovum is in the neighbourhood of 
the fundus, usually rather to one side of the median line, and 
more frequently on the dorsal than the ventral surface. It 
may, however, be situated in almost any part of the uterus; and 
its position may become a point of much practical importance. 
Ercolani has suggested that the ovum, on entering the uterus, 
is prevented from at once sinking to the cervix, by the fluid 
secreted by the utricular glands of the uterus, and that it floats 
on the surface of this fluid, until it comes in contact with, and 
adheres to, the wall of the uterus; the actual place of contact 
would in this case vary considerably, according to the amount of 
fluid in the uterus at the time. 

‘The youngest ovum yet found in situ within the human 
uterns, that described by Reichert, was not simply attached to 
the decidua, but completely embedded in this (cf. Fig. 175); a 
relation which is retained throughout the whole period of gesta- 
tion (Fig. 254). 

‘There has been some discussion as to the mode in which 
this encapsuling of the ovum is brought about; there are no 
direct observations on the point in the case of human embryos, 
but the fact that the openings of tke uterine glands occur on 
both surfaces of the encapsuling layer of the decidua, together 


over it, 20.08 to encapsule it; the object being, partly to maintain 
the ovum in contact with the uterine wall; and partly, perhaps 
mainly, to provide an increased extent of vascular surface from 
which the embryonic villi can draw natriment. 

The fold of the decidaa which incloses, or encapsules, the 
ovum is spoken of as the decidua reflexa; it is nt first very 
thin (Fig. 175, px, and Fig. 254, dr), but it has the same struc- 
ture as the other parte of the decidua. In its early atages it is 


of the folds by which it, ix formed. 

‘Tho part of the decidua to which tho ovum is direetly 
attached, and from which the decidua reflexa is developed, is 
called the decidua serotina (Fig. 175, pw, and Fig, pat 
Mpgerrteotrmg crak aiepicoyo cl Sea 
the decidua, whieh lines the cavity of the uterns, but 
direct relation with the embryo (Pig. 175, nv, and Fig. 254, a 

The decidua vera plays no part in the nourishment of 
embryo, and during the latter half of pregnancy pacnsese 
reduced in thickness, and undergoes degenerative changes; that 
it should be formed at all is doe, a8 alrendy noticed, to tho fact: 
that, ns it is quite uncertain with which particular part of the 
uterine wall the ovum will come in contact, all parts must be 


still closer one; it farther helps to render intelligible the not 
‘very uncommon cases in which monstraation takes place at least 
once after conception has occurred ; and also thoee much rarer 
cases in which it bas been stated to occur regularly throughout 
the greater part or even the whole of pregnancy. 

‘The decidua reflexs and decidua serotina are at’ 
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that of the utorns as n whole, and in consequence tho decidua 
reflexa ultimately comes in contact with tho decidua vera, and 40 
completely obliterates the cavity of the uterus (¢f. Fig. 254). This 
usually ocenrs about the sixth month: the two layers, decidua 
reflexa and decidua vera, are generally described as not only 
coming in contact, but as fusing mare or less completely together, 
so a8 to form o single membrane; but according to Minot’s 
observations, the decidua roflexa, which early undorgoes degene- 
rative changes, is entirely absorbed by the sixth month, so that 
the chorion comes into contact with the decidua vera, 

So long as the uterine cavity remains an actual one, i.e. up 
tothe time when the chorion meets with the decidua vera, there 
remaing an open passage from the vagina, through tho uterus and 
along the Fallopian tube, to the ovary; and it ia, at least theo- 
retically, possible for eparmatozon to reach the ovary, and for 
what is termed super-feetation to occur. 

‘The decidua serotina is simply the part af the decidua with 
which the impregnated ovam comes in contact, on entering the 
uterus, and to which it adheres; and it is ab first, therefore, 
identical in etrocture with the decidua vera. It very early, 
however, acquires special charncters, owing to the chorionic villi 
of the ovum becoming intimately connected with it. For some 
time longer, the decidua serotina and decidna reflexa still remain 
closely similar to each other; but towards the end of the second 
month (Fig. 254), the chorionic villi opposite the decidua re 
floxa begin to diminish in size and importance, and to show 
signs of degenerative changes; while those in connection with 
the decidua serotina become much larger and more complicated. 
Tho relations between the fostal villi and the maternal tissues 
become still more intricate, and gradually the complex and 
elaborate stracture of the fully formed placenta is acquired. 


‘With regard to the detailed changes that take place in the 
_ different parts of the decidus during pregnancy, our knowledge 
= still imperfich in many important respects. 
in the rogion lined by the decidua vera, the mucous mem- 
© becomes greatly thickened ; and the uterine glands be~ 
mo dilated and elongated, and acquire exceedingly tortuous 
ee. By the end of the fifth month the mucous membrane 
RR 
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isnearly half an inch thick. The surface layer, about one-fourth 
of the entire thickness, is spoken of as the stratum compactum: 
in it the gland tubes remain comparatively straight and narrow, 
while in the interglandular tissue numbers of large, epitheliam- 
like, decidual celle appear, apparently formed by modification 
of connective-tissue corpuscles. The deeper three-fourths of 
the thickness of the mucous membrane, or stratum spongiosum, 
has a different structure, the gland tubes being greatly dilated 
and very irregular in shape, and their lining epithelium consist- 
ing of flattened or cubical, in place of columnar cells. 

After the fifth month, by which time the chorion has met 
with the decidua vera so as to obliterate the cavity of the uterus, 
the decidua vera gradually becomes thinner and less vascular, 
and undergoes degenerative changes, leading ultimately to the 
almost complete disappearance of the glands, with the exception 
of their deepest or outermost ends. 

‘The decidua reflexa goes through changes of a very similar 
kind: the’glands first become dilated and lengthened, and then, 
as the decidua reflexa becomes more and more distended through 
the enlargement of the chorionic vesicle, the glands gradually 
atrophy, and the entire layer degenerates, and ultimately com- 
pletely disappears. 

In the decidua serotina, from which the maternal portion ot 
the placenta is formed, the changes have been followed in more 
detail, but are still only imperfectly known. There is the same 
division into two layers as in the decidua vera: (i) an inner or 

* superficial layer, from which the surface epithelium and all traces 
of the uterine glands disappear entirely, and in which decidual 
cells are developed in large numbers ; and (ii) an outer or deeper 
layer, in which the gland cavities remain as irregular clefts, 
from which the epithelium has disappeared ; except in the very 
outermost layer, in immediate contact with the muscular wall 
of the uterus, where the outer or blind ends of the glands 
persist, greatly compressed, but retaining their epithelium. 
It is from these outer ends of the glands that the epithelial 
lining of the uterus is regenerated, after the separation of the 
placenta. 

The further changes that occur in the decidua serotina, and 
more especially the relations of the blood-vessels, are described 
in the next section. 
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5. The Placenta. 
‘The fully formed placenta, nt the close of gestation, is a dis- 


from 16 to 21 cm. in diameter and 

is attached to, or rather forms part of, the innor wall of the 
uterus (ef. Fig. 254), and to ite inner or free surface, usually a 
little distance from its centre, the umbilical cord is attached, the 
opposite end of the cord being connected with the foetus, 

The placenta consists of outer or maternal, and inner or 
footal layers, derived respectively from the decidua serotina, and 
from the chorion, ‘The distinction between the fatal and the 
maternal elements ig easily made in the carly stages of develop- 
ment; but in the fully formed placenta, owing to the intricacy 
of the relations between the chorionic villi and the maternal 
blood-vessels, and the profound histological modifications which 
almost all parts undergo, it becomes a matter of the greatest 
difficulty to determine the real natare of the several structures: 
met with; and there are important points, more especially in 
regard to the relations of the maternal blocd-vessels, on which 
our knowledge still remains imperfect and unsatisfactory, 

‘The placenta consists of three chief layers or strata: nt) es 
inner layer formed by the chorion ; (ii) an outer layer formed 
by the decidua serotina, or modified mucous membrane of the 
uterus ; (iii) a middle or intermediate layer, which is much 
thicker than the other two, forming four-fifths or more of the 
entire thickness of the placenta, and which consists of the intri- 
eately branched fietal villi, together with the maternal sinuses 
with which these are in relation. 

Of these three layers, the inner one is distinctly fostal, and 
the outer one maternal in origin; the middle lnyer is foctal as 
rogards the villi themselves, but the procise relations of the 
maternal yeasels are still undecided. This middle, or villous 
zone is the characteristic, and the functionally active part of the 
placenta, At the margin of the placenta it thins out and diae 
appears, and the inner and outer layers, chorionic and decidual, 
come into contact with each other in the region of the decidua 













rofloxa, 

‘The inner or chorionic layer of the placenta has already 
described (pp. 601 to 605). The amnion is closely united 
inner or free surface over its whole extent. The outer 

= 
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towards the villous zone, ischaracterised by the presence of patches 
of the substance spoken of as canalised fibrin, and shown by 
Minot to be produced by a peculiar mode of degeneration of 
the surface epithelial ‘cells of the chorion. Round the margin of 
the placenta, the chorionic and decidual layers are so intimately 
fused that it is impossible to make out a boundary line between 
them : the decidual cells invade the chorion, and the two layers 
undergo degenerative changes in common. 

The outer or decidual layer of the placenta, formed by the 
decidua serotina (Fig. 254, ds), is about 1-5 mm. thick, and 
shows the same distinction into inner or compact, and outer or 
spongy layers already noticed in the decidua vera. Both layers 
contain very numerous decidual cetls, formed, as elsewhere, by 
modification of connective-tissue cells. The decidual cells of the 
compact layer are smaller and more crowded than those of the 
spongy layer. Their actual size varies very greatly, and the 
largest ones may contain as many as ten nuclei. 

The uterine glands have disappeared from the compact layer 
of the decidua, but their onter or blind ends persist in the 
spongy layer as irregular slit-like cavities, filled for the most 
part with fine granular matter, and retaining in places their 
lining of glandular epithelium. ‘The outer surface of the spongy 
layer is closely united with the muscular wall of the uterus ; and 
groups of decidual cells may penetrate between the muscle fibres 
at places. 

The middle or villous zone of the placenta is much the 
thickest of the three, and is also the most important, and the 
most complicated. It may be described, roughly, as a hage 
sinus filled with maternal blood, and divided up into a labyrinth 
of intercommunicating loculi by a framework of fibrous bands 
and partitions, which run across between the decidual and cho- 
rionic walls; the loculi being occupied by forests of arborescent 
villi, which arise from the chorionic wall and are richly supplied 
with capillaries derived from the allantoic vessels of the foetus. 

The villi branch extraordinarily freely: their stems arise 
from the chorion, and the majority of the branches end freely, 
but many are attached either to the uterine decidua, or to the 
partitions separating the loculi. 

The fetal blood-vessels. The blood is carried from the foetus 
to the placenta by the two allantoic arteries, which run in the 
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substance of the umbilical cord. On reaching the placenta the 
arteries branch freely, and very irregalarly; the branches spread 
over the surface of the placenta, between the amnion and tho 
chorion, and dip rather suddenly into the substance of the 
placenta, Within this they branch freely, and approach the 
uterine surface of the placenta by 4 series of terrace-like steps, 
spreading out horizontally, and then dipping suddenly towards 
the surface, two or three times in succession ; ultimately they 
enter the villi, and follow their branches to their finest rami« 
fications. 

The capillaries of the villi, into which the arteries finally 
pass, are variable in diameter, and exhibit irregular dilatations 
and constrictions ; their average size is, however, very large, a8 
they frequently admit from fonr to six red-blood corpuscles 
abreast, 


The capillaries unite at their farther ends to form veins, 
which follow generally the same paths as the arteries, and finally 
leave the placenta as the allantoic vein, which, running along 
the umbilical cord, returns the blood from the placenta to the 
footns. 

‘The fotal vessels thus form a closed set of blood-ressels, 
which have proper walls of their own, of the nsnal stractam, 
along their entire course, and which show no special pecu- 
liarities except the lange size of the capillaries in the villi. 

‘Tho maternal blood-vessels are derived directly from the 
uterine arteries and veins, The arteries, which are of com~- 
paratively small size, ran with a very tortuous course, from 
which their name * curling artories' is derived, through both the 
spongy and compact layers of the decidua, and open suddenly 
into the great sinuses or loculi of the placenta. From these 
sinuses the blood is returned by veins, which run very obliquely 
through the decidua, and eventually join the veins of the muscular 
wall of tho uterus. " 

‘The feetal villi are thus bathed by a slowly moving xtream 
of maternal blood ; and the necessary nutritive and respiratory 

must be effected in this middle or villous zone of 
the placenta. Nothing is known as to the exact mode in whieh 
these are carried on; whether by simple diffusion, or whether 
aided or modified by active participation of epithelial or othar 
cellular elements, ‘The one thing that is quite clearis, that in the 
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placenta the foetal and maternal blood streams are kept apart, 
and that no actual mixing of blood from the two sources can 
occur. 

‘Tho real nature of the sinuses, or loculi, in which the maternal 
blood lies has been much discussed, and is not. yet determined 
with certainty. 

It was formerly held that they are produced by enormous 
dilatation of the capillaries, which normally connect the uterine 
arteries and veins together; and Waldeyer has shown that these 
sinuses have a distinct epithelial lining, continuous with that of 
the uterine vessels. 

Kolliker and Langhans point out that, on the feetal side of the 
placenta, the walls of the sinuses are formed by the chorion, and 
show no trace of decidual structure; they, therefore, suggest that 
the sinuses are not really maternal capillaries, but are spaces 
between the maternal and fectal portions of the placenta, ie. 
between the decidua and the chorion, into which the blood has 
penetrated by extravasation, or by rupture of the uterine vessels, 
consequent on the degeneration which the uterine mucous 
membrane is known to undergo. 

On the other hand, a comparison of what is known concerning 
the human uterus, with the facts ascertained in regard to the 
formation of the placenta in the rabbit and in other Mammals, 
leads to the belief that the sinuses may prove to be spaces formed 
by absorption, not within the maternal tissues, but in the 
chorionic epithelium itself; in which case the whole thickness 
of the villous zone of the placenta would be of foetal origin. 


Separation of the Placenta at Birth. 


In parturition, the contraction of the muscular walls of the 
uterus, and the consequent pressure on the uterine contents, 
more especially upon the amnionic fluid, causes the investing 
membranes of the embryo, ie. the combined decidua vera and 
decidua reflexa, the chorion, and the amnion, to bulge through 
the os uteri, On rupture of the membranes, the amnionic fluid 
first escapes, and subsequently the foetus is expelled. 

‘The farther contraction of the uterus detaches the placenta 
from the uterine wall, the plane of separation passing through 
the outer or spongy layer of the decidua, in which the deeper 
parts of the uterine glands still persist; and the placenta, with 
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the decidua, the chorion, and the amnion forming a membranous 
fringe sround it, is in its tura expelled as the after-birth. The 
continuation of the uterine controtion, after the expulsion of 
the placenta, checks, and in normal cases reduces to a minimum, 
the hmmorrhage that necessarily results from the tearing across 
of the maternal vessels along the plane of separation of the 
placenta. 

The deepest part of the spongy layer of the decidua, in 
which aro the blind ends of the uterine glands, remains in the 
uterus as a thin lining to the muscular walls; and, from the 
epithelium of these persistent parte of the glands, the entire 
uterine epithelium is speedily regenerated. 
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Lacrymal duct: Chick, 280; Rabbit, 392; Man, 541 

Lacrymal gland: Chick, 280; Rabbit, 392; Man, 641 

Lacrymal groove: Chick, 288; Man, 498 

Lamina terminalis: Chick, 256; Rabbit, 374, 376; Man, 517 

Larval period: Amphiozus, 73-87 ; 

Laryngeal chamber: Rabbit, 408; Man, 562 

Lateral frontal process: Ban, 497 

Lateral plate: Amphiozus, 81; Chick, 244 

Lateral ventricle: Frog, 126; vhiok, 260; Rabbit, 377; Man, 516 

Leg: Frog, 215; Chick, 336; Man, 492, 496, 501 

Length of embryo: Man, 470-471 

Lens, of eye: Frog, 187; Chick, 277; Rabbit, 390-392; Man, 495, 639 

Limbs: Frog, 92-93, 212-215; Chick, 332-385 ; Man, 492, 496, 500, 502, 603 

Lingual duct: Man, 558 

Lip: Frog, 160-161; Man, 502, 553-654 

Liquor amnii: Man, 698 

Liquor folliouli: Man, 454 

Liver: Amphiozus, 40 ; Frog, 164-166 ; Chick, 292-294; Rabbit, 410-411 ; 
Man, 496, 563-564 

Lobule of ear: Man, 500 

Lower layer cells: Frog, 104; Chick, 234, 236 

Lumbo-sacral plexus: Man, 527 

Lung: Frog, 164; Chick, 292; Rabbit, 408-410; Man, 662-563 

Lymphatics : Frog, 185 


Malleus: Rabbit, 398-399 

Malpighian body: Frog, 192; Chick, 318; Rabbit, 422; Man, 589 

Mammalian development, general characters of : 841-344 

‘Mammalian placenta, a chorionic structure: 445 

Mammary gestation: 344 

Mammary gland: Rabbit, 484 

Max, 448-619: preliminary account, 448-449 ; the human ovum, 449-470 ; 
general history of the development of the human embryo, 
470-609; nervous system. 509-538 ; sense organs, 538-544; 
digestive system, 544-565 ; circulatory system, 565-587; 
urinary organs, 688-591; ‘reproductive organs, 591-598 ; 
foetal membranes and placenta, 698-6155 bibliography, 615— 

1 

Mandibular aortic arch: Chick, 305; Rabbit, 416; Man, 674, 575 

Mandibular arch: Chick, 283, 287, 330; Rabbit, 401; Man, 490, 495, 499, 
550-551 

Mandibular bar: Frog, 205; Chick, 380, 331; Rabbit, 433 

Mantle layer of spinal cord: Man, 624, 628 

‘anubrium sterni: Chick, 332 
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Nephrostome of Wolffian body : Frog, 192; Chiok, 317-318 
‘Nerve, chorda tympani: Man, 633 
cranial: Frog, 128-134; Chiok, 262-271; Rabbit, 382-885; Man, 628_ 
538 
dorsal: Amphiozus, 48 
early development of : Frag, 126-128; Chick, 261-262; Man, 621- 
62 
lateral line: Frog, 180 
mandibular: Frog, 182, 183; Chick, 269; Rabbit, 384; Man, 536 
maxillary : Frog, 138; ‘Chick, 269; “Rabbit, 384; “Man, 536 
hthalmic: Frog, 132, 183; Chiok, 269; Rabbit, 384; Man, 536 
renic: Man, 527 
Teourrent laryngeal: Man, 676 
spinal: Frog, 128; Chick, 271-274; Rabbit, 385-386 ; Man, 524-528 
sympathetic: Frog, 184; Chiok, 274; Rabbit, 386; Man, 538 
ventral: Amphiozus, 48 
Ist cranial (olfactory): Frog, 133-134; Chick, 260, 266-267; Rabbit, 
382; Man, 587-538 
2nd cranial (optic): Frog, 133, 138-139 ; Chick, 267-268, 279; Rabbi¢, 
383, 389; Man, 536, B40 
8rd cranial (oculomotor): Frog, 183; Chick, 268; Rabbit, 283; Man, 
534 
4th cranial (pathetic): Frag, 183; Chick, 268; Rabbit, 383; Man, 534 
Sth cranial (trigeminal): Frog, 132-133; Chick, 269; Rabbit, 384; 
Man, 634, 536, 657 
6th cranial (ahducent): Frog, 182; Chick, 269; Rabbit,383; Man, 533 
7th cranial (facial); Frog, 182; Chiok, 264-266, 269; Rabbit, 384; 
Man, 533 
8th cranial (anditory): Frog, 131, 140; Chick, 270; Rabbit, 384; Man, 
535-536, 542 
9th cranial (glossopharyngeal): Frog, 131; Chick, 270; Rabbit, 384; 
Man, 633, 535, 557 
10th cranial (pneumogastrie or vagus): Frog, 129-131; Chiok, 270- 
271; Rabbit, 384; Man, 633, 636 
1ith cranial (spinal accessory): Chick, 271; Rabbit, 385; Man, 632 
533 
12th cranial (hypoglossal): Chick, 271; Rabbit, 385; Man, 631-532 
Nerve cell: Ban, 526 
Nerve fibre: Man, 626-527 
Nervous layer of epiblast : Frog, 108, 113, 
Nervous system: Amphiorus, 42-43, 57-60, 62-63; Frog, 112-184; Chick, 
247-274; Rabbit, 371-387 ; Man, 509-538 
Neural canal: Amphiowus, 58, 62-63; Man, 481, 510 
Neural crest: Frog, 127; Chick, 263; Man, 526 





























Neural fold: Amphiowus, 58-59; Frog, 113-114; Chick, 248-249; Rabbit, 
Neural groove: Frog, 113-114; Chick, 247; Rabbit, 363, 871; Man, 477, 480, 
481, 509 
Frog, 113, 127; Chick, 247 
Neural ridge: Frog, 127; Chi 
Neural tube: Amphiorus, 59-60, 68; Frog, 114-111 
, 149,156; Chick, 250- 
252; Man, 480 
Neuroblast : Frog, 139; Chick, 249; Man, 523-524, 626, 528, 537 
Nictitating membrane: Chick, 280; Rabbit, 392 
Ninth month: Man, 508-09 
Nostril: Frog, 136; Chi 275, 289; Man, 498 
Notochord : Amphiorus, 37, 61, 63-65; Frog, 109, 198-201; Chick, 242, 324- 


363, 371; Man, 477 
Neural plate: Amphioous, 58 ; 
, 261, 263; Man, 526 

Chick, 248; Man, 510 
Neurenteric canal: Amphiozus, 59, 68, 69; Frog, 
Neuropore: Amphiorus, 60, 63, 69 
Nose: Frog, 135-136; Chick, 274-275 ; Rabbit, 387; Man, 497-498, 5602, 63% 

327; Ladbit, 430; Man, 480 
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Parturition: Rabbit, 444-445; Man, 614-615 

Pecten : Chiok, 279 U 

Pectoral girdle: Frog, 212-213; Chick, 383 

Pelagic life of Amphioxas, 47 

Pelvic girdle: Frog, 213-215; 

Pelvic symphysis : Frog, 213 

Penis: Man, 597 

Pericardial cavity : Frog, 167, 169; Chick, 321-322 ; Rabbit, 427-428 

Perilymph : Frog, 142; Mam;-543 

Periotic capsule: Frog, 143, 204; Chick, 328, 331; Rabbit, 396, 432; Man, 
643-544 

Peripheral nervous system : Frog, 126-134; Chick, 261-274; Rabbit, 882-386; 
Man, 521-538 

Periplacental folds of uterus: Rabbit, 435 

Peritoneum: Chiok, 321 

Perivascular cell: Rabbit, 438 

Perivitelline fluid : Frog, 98, 100 

Permanent dentition : Rabbit, 404: Man, 561 

Permanent ova: Frog, 95; Chiek, 230; Rabbit, 346-347; Man, 453 

Pes: Chick, 385 

Peyer's patch: Afan, 649 

Pharynx : Amphioous, 40, 75-80; Frog, 152; Chick, 283-286; Rabbit, 400 
403 ; Man, 645, 646, 649-553 

Phrenic nerve: Man, 627 

Pia mater: Rabbit, 381 

Pineal body: Frug, 123; Chick, 256-257; Rabbit, 374; Man, 620 

Pinna: Rabbit, $98 ; Man, 499-500, 544 

Pituitary body: Frog, 124-125; Chick, 259, 289; Rabbit, 876, 400 

Placenta : Rabbit, 343, 370-871, 434445; Man, 611-615 

Placental area of blastodermic vesicle: Rabbit, 487 

Placental folds of uterus: Rabbit, 435 

Pleural cavity: Chick, 322; Rabbit, 428; Man, 563 

Plica semilunaris; Man, 641 

Polar body : 8-11, 15-17; Amphiozus, 49; Frog, 97-99; Hen, 231; Rabbit, 
349, 360; Man, 471 

Polar mesoblast cells: Amphiozus, 55, 60, 65 

Pons Varolii: Rabbit, 381; Man, 514, 521 

Position of embryo: Chick, 225,228; Habit, 438 

Postanal gut: Frog, 

Postbranchial body : Frog, 164 

Posterior nares: Freg, 136, 148; Chick, 275, 289; Man, 497, 563-554 

Preoral pit: Amphiozus, 70, 81-82 

Frog. 213 

1219 

Pregnancy, duration of : Man, 465-467 

Prepubic process: Chiok, 334 

Prepuce: Man, 597 

Primary gill-slits : Amphiowws, 75-78 

Primary reproductive cells: 12 

Primary sulci: Man, 518-519 

Primitive groove : Frog, 111; Chick, 238; Rabbit, 361 

Primitive ova: 12; Frog, 95; Chick 229-230; Habbit, 345-46; Man, 451- 
453, 592 

Primitive sperm cells: Man, 592 

Primitive streak: Frog, 111, 149; Chick, 237-289, 240, 252; Rabbit, 361; 
Man, 479 

Pro-amnion : Chick, 241, 245 : Rabbit, 369 

Procesaus globularis: Man, 497, 504, 563-554 

Proctodeum: Frog, 145, 149-150; Chick, 283, 291-292; Rabbit, 404; Ban, 
B46, 549 

Pronephros: Frog, 185-191 ; Chick, 318-319; Rabbit, 421 


Chick, 334 
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£ Osh, a 


Pyraunid of thy id Aan, 508 


Quadrate cartilage > Frog, 205-206, 207-208 ; Chivk, 390 
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Reotitleation of cranial flexure 
Rectum : Chick, 291 ; Man, 649 
Rogeneration of aterine epithelium: Jestbit, 445; Man, G15 
Rolchert's ovum: Man, 472-476 
| Rejuvenescence : 17 
tive organs: Amphiowus, 88-89; fe 4-010, 197-198 5 ek 38. 
280, 310-320; Haddit, 16, 426; Man, 449-405, 60) 


+ Chieh, 998, 2045 Rabbit, 438: Man, 618 
ine. mi 188; ct 278; Sot 38a; ere bw 
Rib: Chiek, 27-828; Rabbit, 490-4: | Man, 4 
‘Ripening of egg: 115 Brey, 98-99; “hen 1500251 ; Ratti, 949-800; Mon, 
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‘Scrotal anc: Rediit, 490 
‘Scrotum: Min, 5 
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Second week : Man, 472-486 
Secondary gill-slits: Amphiozus, 76-78 
Man, 619-520 


Frog, 186-190, 193-194 
Amphiowus, 49-52; Frog, 100-104 ; 
‘hick, 232-286 ; Rabbit, 862-354; Man, 471-473 
|mphiorus, 51-52 ; Frog, 103, 108-109; Chiok, 234 
13, 14; Frog, 100, 102 
‘rog, 141; Rabbit, 393, 395 ; Man, 641-542 
: Chick, 302; Radbit, 416; Man, 673 
‘Frog, 204-203 ; Chick, 328-330 
‘Frog, 134-145; Chick, 274-281; Radbit, 387-399; Man, 
‘638-544 
eucty canal Serves Man 688-500, SHAME a eadch at 
Sensory roots of spinal nerves: Amphionus, 43; Frag, 127-128; Chick, 271— 
ss 273; Rabbit, 886-386; Man, 026-028 
Separation of placenta: Habbit, 444; Man, 614 
Septum inferias: Aan, 671, 573 
Septum narium: Man, 555 
Septum of trancus arteriosus : Frog, 168; Chiok, 301, 302, 905; Rabbit, 416; 
‘Man, 511-572 
Septum spurium: Man, 570 
Septum superins: Man, 569 
Seventh month: Man, 507-508 






















: Frog, 95; Rabbit, 346; Man, 453 

Shell membrane: Hen, 220, 229 

Sinus precervicalis: Afan, 495, 602, 553, 559 

Sinus terminalis: Chick, $10; Rabbit, 368, 420; Man, 483 

Sinus venosus: Frog, 168, 183; Chick, 309; Rabbit, 413, 414; Man, 568, 679 

Sinuses of placenta: Man, 612, 614 

Sixth month: Ban, 507 

Bixth week : Man, 501-503 

Size of eggs: 342 

Skeleton: Frog, 198-215 ; Chiok, 324-335; Rabbit, 429-433 

Bkin: Rabbit, 433-434 

Bkull: Frog, 201-210; Chick, 328-332; Rabbit, 432433 

Somatic layer of mesoblast: Chick, 243; Rabbit, 427 

Somatopleure: Chick, 243 

somite: Amphionus, 60-61, 65-69, 84-87; Chick, 244 

Frog, 91, 99 

Spawning period: Amphiorus, 46; Frog, 90 

Spee’s embryo: Man, 479-481 

Spermatozoon: 12, 13; Amphioaus, 44; Frog, 99-100; Chick, 232; Man, 166 

Sphenoidal sinus: ‘Mam, 538 

Spina vestibuli: Aan, 669-571 

Spinal cord: Frog, 116-117; Chick, 249-262 ; Rabbit, 381; Man, 621-528 

Spinal nerves: Frog, 128; Chick, 271-274; Rabbit, 386-386; Man, 621-628 

Splanchnie layer of mesoblast : Chick, 243; Rabbit, 427 

Splanchnoocel: Amphiozus, 85-86 

Splanchnopleure: Chick, 243 

Spleen: Frog, 185 

Splitting of mesoblast: Chick, 243-244, 246; Rabbit, 427; Man, 483 

Spongioblast: Man, 523-524 

Stapes: Frog, 204, 209; Chick, 330; Rabbit, 398 

Sternum: Frog, 213; Chick, 332; Rabbit, 432 

Stomach : Chick, 290; Rabbit, 403 ; Man, 545, 546, 548 

Stomatodwum: Frog, 145, 148-149; Chiok, 259, 281, 286-289; Rabbit, 100 
Alan, 482, 490, 492, 645 

Stratum compactum of decidua: Man, 610 

Stratum spongiosum of decidua: Afan, 610 
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‘Twisting of umbilical cord: Man, 601 

‘Tympanic cartilage: Frog, 143-144 

Tympanic cavity: Frog, 143; Chick, 285; Rabbit, 398; Man, 544 

‘Tympanic membrane: Frog, 143; Chick, 285; Rabbit, 398; Man, 544, 550 

‘Tympano-Eustachian passage: Frog, 143; Chick, 285; Rabbit, 397; Man, 
bat 


Umbilical cord: Man, 505, 599-602 

Umbilicus: Man, 506, 507, 509 

‘Unequal segmentation: 19, 22 

Urachus : Man, 590 

Ureter: Frog, 193-195; Chick, 319; Rabbit, 425; Man, 590 

Urethral canal: Man, 697 

Urinary organs: Frog, 185-197; Chick, 315-320; Rabbit, 421-426; Man, 
588-591 


Urinary tubules: Man, 590 
Urinogenital passage: Habbit, 412, 425; Man, 649, 596 

Urohyal : Frog, 206 

Urosacral vertebra: Chiok, 328 

Urostyle: Frog, 199-201 

Uterine gestation: 344 

Uterine glands: Rabbit, 437; Man, 458-459, 609-610, G12, 614-615 
Uterus: Hen, 281; Rabbit, 426; Man, 694 

Uterus mascalinus: Rabbit, 426; Man, 593 

Utriculus: Frog, 141; Rabbit, 396; Man, 541-542 


Vagina: Rabbit, 426; Man, 594 





Valves of beart: Frog, 167-169 ; Chick, 301-303 ; Rabbit, 414-416; Man, 573 


‘Vasa aberrantia: Man, 593 
Vasa efferentia: Frog, 197; Chick, 320; Rabbit, 486; Man, 593 
Vas deferens: Chick, 320; Rabbit, 426; Man, 593 
Veins: Frog, 183-185; Chick, 308-311; Rabbit, 418; Man, 578-583 
Vein, afferent hepatic: Chick, 309; Man, 579 
allantoic: Chick, 310, 314; Rabbit, 414; Man, 568, 581, 602, 613 
anterior abdominal: Frag, 184 
anterior cardinal : Frog, 183; Chirk, 308; Man, 582 
Chick, 308-809; Rabbit, 414 
: Man, 682 
Cuvierian: Frog, 184'; Chick, 308; Rabbit, 414; Man, 568, 582 
ductus venosus : Chick, 310, 314 ; Man, 681, 585, 586, 587 
efferent hepatic: Chick, 310; Man, 679 
external jugular: Man, 682 
facial: Frog, 188 
hepatic: Frog, 183 
hepatic portal: Man, 580, 581 
ilinc: Man, 681, 682 
inferior jugular: Frog, 184 
internal jugular : Man, 582 
jugular: Frog, 183; Chick, 309; Man, 582 
Chiok, 293, 308, 311 
mesenteric: Chick, 310 
pectoral: Chick, 309 
posterior cardinal : Frog, 183; Chick, 808; Rabbit, 423; Man, 582 





















posterior vena cava: Prog, 184; Chick, 309-811; Rabbit, 414; Man, 
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pulmonary: Frog, 185; Man, 682 
renal portal: Frog, 184 
sinus anoularis: Man, 580, 581 








vena ascendens : Aan, 581 
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‘Vein, vertebral: Chick, 303 
+ Brag, 153; 309, S10, SIA; Mabbic, 420 
vitelline : pay B10, 418, 414, 4205 
81 
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126; Chick, 260; Rabbit, 376; Mim, 610, 616 


‘of latestine Man, G49 
Yitr pncon : Zab, a 


‘Villous 200 of = Man, 612 
‘Visceral arch; rage Chick, 283.264 ; Rabbit, 400-401; Man, 487, 495, 


Visceral cleft: bya Crag pag oe ye Mateo to 
Fone er Fiabbit, 400 5 Man, 660, 56) 


pie ON 385 Bad “abit, 00; Mo, 50,581 
en eae 
Wee Oren 
Viteltine: 


Welllian bedy 1 O10; Chic, 36-318, 999; Mab, 482-404 5 Mer, 
Wolffian duet: Frog, 193-195: Chieb, 315-316, 320; Rabhic, 421-622 ; Aan, 
190-208 


Wolffian 490, 
Wolis tabuien Fo ea Chick, SOSA; Rabbit, 422; Mom, 68d, 


Xiphistornamn : Fray, 213 


Yellow ae 
Yolk: 28; Prey, 06; Chick, 320.222, 229 
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‘Yolk-cells: Frog, 104, 105, 146 
Yolk-plug: 7, 107, 111, 147 
‘Yolk-sac: Chick, 222, 226; Rabbit, 967-369 ; Man, 476, 483, 496, 544 


Yolk-epheres: Hon, 230 
Yolk-stalk: Chick, 296; Rabbit, 399, 403; Man, 644, 548, 601, 602 


Zona pellucida: Mam, 455 
Zona radiata: Rabbit, 348; Man, 453 
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